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CHAPTER 1
INTRODUCTION
Adequacy and efficiency
Elementary and secondary (K-12) education funding in Michigan, like
the rem ainder of the country, includes a struggle for equity. This struggle
emerges from particularly American egalitarian and democratic ideals.
D uring the last decade and a half, the national aspiration for equitable
distribution, of school finance resources, has started a transform ation into a
derivative notion of adequacy. Adequacy proponents seek to equalize the
opportunity for all children to achieve an objective set of educational
standards, instead of em phasizing equality of resources. They also allow for
variation in funding, w hen necessary, to generate equity of opportunity.
A school finance policy creating, rather than m itigating, disparity as a
foundational principle, troubles American idealism and faces political,
popular, and theoretical disparagement. A prim e criticism of such a policy
arises from the possibility of simply rew arding inefficiency. M ore resources
could flow to those w ith higher costs w ithout regard to the judicious exercise
of stewardship. The transition from equity to adequacy, thus far, rem ains
m ore conceptual and judicial than legislative and practical.
M any states, other than Michigan, have undertaken cost studies to
identify geographic and dem ographic differences causing legitimate
educational cost variation (Reschovsky & Imazeki, 2000; O dden, 2003). The
1
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current project presents a quantitative m odel for highlighting M ichigan
school efficiency, as a partial explanation for variation in student
achievement, w ithout the benefit of a cost study. This style of investigation
also exists for other states (Schwartz & Zabel, 2005; Phelps & Addonizio,
2006). The current study also assumes that Michigan's existing curriculum
standards define an adequate education. While this is a useful assum ption
since M ichigan tests achievement according to these standards, it represents a
significant abstraction from reality. M ichigan has not attem pted to define
adequacy, although legislation establishing m ore rigorous statew ide high
school graduation requirem ents became law in early 2006. The degree of local
autonom y allowed regarding adherence to the previously suggested
curriculum further illustrates the simplifying nature of the adequacy
assum ption. The participative curriculum definition process combined w ith
the public's reliance on test score information partially m itigates the apparent
local independence from state influence. However, even given this less than
ideal definition and m easurem ent of M ichigan education adequacy, the focus
on efficiency in this project, represents a prerequisite to funding an equal
opportunity for each Michigan child to achieve state standards w ithout
rew arding inefficiency.
Circumscribed by the contextual evolution of equity and adequacy
constructs, this study employs a quantitative m odel for m easuring Michigan
public school efficiency. The m odel derives from the Cobb-Douglas (1928)
production function understood by economists and generally applied to
industry. Careful m odel specification, as defined in existing research, allows
for interpretation of the fixed error effects as unobserved and unexplained

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

school factors or "x-efficiency" (Phelps & Addonizio, 2006). By segregating the
effects of school efficiency, funding disparities based on educational
considerations m inimize the likelihood of rew arding inefficiency. The
objective is to allow Michigan education policymakers the ability to provide
equal educational opportunity through legitimate funding variations. The
basic m odel for the education production function (EPF) specification follows
(Phelps & Addonizio, 2006):
Student achievement = /(socioeconomic status + teacher
characteristics + support staff characteristics + adm inistrative
arrangem ents + per pupil expenditures + fixed effects error +
random error)
This form ula necessarily depicts an overly simplistic and general
facsimile of a complex and sophisticated process. Rather than specifying
discrete variables, it reveals the sets or groups of variables researchers have
previously identified as im portant to producing student achievement. One
example comes from the class of variables used to denote socioeconomic
status. Some m easure of income per capita or eligibility for certain
governm ent program s often appears in educational research. However, the
level of parental education or housing prices is also used. A detailed
discussion of m odel developm ent, including the lack of a control for innate
ability, occurs in the m ethodology section of the subsequent literature review
(Chapter 3). This survey also contains a discussion regarding tw o major
underlying assum ptions. The first regards the existence of a function to
maximize th e p r o d u c tio n of education a n d th e s e c o n d in fe rs a c o n n e c tio n
betw een resources and student achievement. This latter inference is shared by
advocates of equity and adequacy finance models.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Problem statem ent
The current policy environm ent in Michigan rem ains unreceptive to
financing public schools using a form ula founded upon adequacy theory.
Insulation from adequacy based legal challenges benefits the existing funding
mechanism. This protection derives from the lack of accountability contained
in the M ichigan constitutional education clause. The Michigan language
requires the legislature to "maintain and support" a free school system, but
lacks any qualitative descriptor such as those found in other state
constitutions. However, the consistent political inertia results only partially
from this legal cover. It also stems from unwillingness to create additional
funding differences for some schools, other than the existing categorical
program s and the hold harm less provisions preserving some elements of the
previous funding system. This tendency is particularly strong w hen such
differences are perceived as redistribution of wealth. Some of this resistance
comes from a natural tendency for elected officials to take care of their own
constituencies. There is an absence of objectively derived data for use in
engaging this debate from the perspective of M ichigan children. This study
initiates a process to fill that void and to m inimize potential redistribution.
Allowing, or creating, greater funding differences am ong schools
generates some probability that a system based on adequacy simply rew ards
schools w ith greater costs due to their ow n inefficiencies. Overcoming this
objection by m inim izing its likelihood represents political reality in Michigan.
The m ost widely consum ed school or district comparison inform ation seems
to come from simple tabular reporting of Michigan Educational Assessment
Program (MEAP) test scores. Since these scores receive no adjustm ent for
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circumstances encountered by each school, the public's im pression that the
school accounts for the entire variation observed in results appears justified.
However, this study reveals that in Michigan, as elsewhere, variation
in student achievement comes from a num ber of factors. A review of the
literature regarding the elements that produce student achievement in an
economic sense has guided the developm ent of a m eans to test the efficiency
of Michigan schools. Accounting for previous explanations of variation in
student achievement facilitates the investigation of unexplained effects
associated w ith individual school organizations. While this type of study
exists for schools in other states, no previous study w ith a statew ide policy
perspective involving individual schools or districts is available for Michigan.
Research questions
The foregoing introduction to school finance equity, adequacy, and
economic efficiency combined w ith the public and policy need for objective
efficiency m easures, give rise to the following questions:
1. W hat inputs produce student achievement in Michigan?
2. W hat proportion of the variation in M ichigan student
achievement can be explained by socioeconomic status?
3. W hat influence do the variables identified in previous
educational production function studies have on
Michigan student achievement?
4. H ow can Michigan school efficiency be measured?
5. W hat proportion of the variation in Michigan student
achievement is explained by school efficiency?
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Significance
The eventual developm ent of an objective means for com paring
schools and districts w ith each other serves both public and policy interests.
The m easurem ent unit and scale m ust be intuitive, easily comprehensible,
and control for the variables that contribute to production of student
achievement that are not influenced by schools. This m ethodology could, at a
m inim um, complement, if not completely replace the current annual release
of unadjusted test score information, by school, that facilitates the
oversimplified journalistic attem pts at comparing schools. O ther states such
as California, Florida, N ew York, Arizona, N orth Carolina, and Tennessee use
year over year change or actual student gains on statewide tests in school
accountability m easures (Kane & Staiger, 2002; Stiefel, Schwartz, Berne &
Chellman, 2005). This study presents, and tests, a m odel for creating the
described m easure of school efficiency.
The objective m eans for m easuring school efficiency used in this study
fulfills the unm et need for evaluation and accountability information. Given
the political reticence in M ichigan afforded a transition from equity to
adequacy based school finance, quantifying efficiency could allow adequacy
theory to grow in prom inence w ith state policymakers. Educationally
appropriate resource variation will only m ove closer to reality w hen the
probability of rew arding inefficiency is minimized. Adm ittedly, no am ount of
rational inform ation rem oves all political obstacles. However, this study
produces evidence for use in the policy debate.
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Hypotheses
The null hypothesis (H0) for this study is expressed as follows:
Michigan public school efficiency does not have a positive and statistically
significant relationship w ith student achievement.
The alternative hypothesis (HA) thus states: M ichigan public school
efficiency provides both a positive and statistically significant influence on
student achievement.
Related hypotheses explored during this research include (in the null
form):
1. Socioeconomic status is not positively associated w ith Michigan
student achievement (Hj).
2. The m agnitude of the impact of socioeconomic status on
M ichigan student achievement is not greater than that of the
school characteristic variables (H2).
3. School characteristic input variables revealed in the educational
production function literature are not positively associated with
Michigan student achievement (H3).
4. The school characteristic variables revealed in previous EPF
literature have an effect on M ichigan student achievement not
greater in m agnitude than the variable m easuring
socioeconomic status (H4).
In each case, the alternative hypothesis states that a positive
relationship does exist or that the m agnitude of the relationship is greater
than the comparison variable(s).
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Chapter organization
Chapter 2 examines school finance equity in order to provide both an
historical and policy context as a prerequisite for discussing adequacy. This
perspective represents the prim ary focus of the field. Chapter 3 contains three
sections. The first section reviews the literature regarding the emergence of
adequacy theory as it relates to public school finance in the United States. The
next segment considers literature related to economic efficiency. The third
and final portion reviews the literature on m ethods, particularly the
education production function model. Chapter 4 presents the proposed
model, data collection and testing procedures. Chapter 5 presents analysis of
data and results of testing, while chapter 6 discusses conclusions, implications
for Michigan education finance policy, limitations of the current study, and
offers suggestions regarding future research.
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CHAPTER 2
SCHOOL FINANCE EQUITY BACKGROUND: THEORETICAL AND
POLICY FOUNDATIONS
Historical and theoretical perspective
In his book Democracy, bureaucracy, and character: Founding thought
(1997), W illiam Richardson links features of m odem American governm ent to
political characteristics and regime values traceable to the birth of the
country. The American founding fathers idealized individualism . Thomas
Jefferson, a strident anti-federalist, prom oted direct rather than representative
democracy. A lthough the federalists eventually achieved a som ewhat
centralized governm ent, its detractors left their mark. In fact, even the
federalists, based on compromises p u t forth by James Madison, accepted and
advanced the concept of structural features in the founding docum ents m eant
to control the grow th and pow er of governm ent. Their attitude tow ards
governm ental limitations on the natural rights of individuals clearly emerges
from their writings.
This perspective prom pted their creation of a governm ent based on
particularly American political ideals, borrow ed from ancient Greek
philosophy and contem porary European thought. They accepted the
depravity of hum an nature and desired a governm ent designed to m oderate
its effects. T h e m e c h a n is m s im p le m e n te d r e p r e s e n t th r e e lo o s e ly d e fin e d

categories (Richardson, 1997):
•

Constitutional correctives

•

Concern for reputation

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

•

Com m on education

W hile the first tw o categories surpass the scope of this study, the third
encompasses unequivocal application. This m eans of m itigating governm ent
concentration of pow er, foreseen by the founders, comes from the provision
of a widely available education. All political systems require some m ethod to
prepare the next generation of governm ent leadership. Democracies, while
preserving some elements of elitism, choose political leadership from the
entire population. Therefore, educating the leaders of tom orrow has grow n to
incorporate the egalitarian objective for w idespread general education of that
population. Another impact of a common education derives from the
capability of an inform ed electorate to function as the w atchdog for political
and adm inistrative leadership. The frequently stated purpose of public
education includes the developm ent of autonom ous, responsible, and
economically self-sustaining individuals. However, the overriding American
purpose comes from the preservation of democracy and the American way of
life.
Financing a universally available education system requires
integration of a variety of policy realms. Distributive equity constitutes one
im portant element of this policy constellation. The philosophical basis for
distributive equity in education may vary depending on the position of the
respondent (Rossmiller, 1987). Some following F.A. Hayek subscribe to the
notion that satisfaction of equity principles requires only that governm ent not
perpetuate inequality in its distribution of benefits. A dherents of this view
w ould also accept governm ent correction of an inequity created by
government.
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A broader interpretation of equity comes from the w ork of John Rawls.
This view w ould have governm ent oversee distribution of benefits in order to
mitigate any disadvantage regardless of origin. Societal inequalities occur for
m any reasons. Some arise by chance or luck, others transpire naturally, and
some result from the environm ent. The m ost egregious m aterialize as the
result of actions by the state (Alexander & Salmon, 1995a). Equity school
finance reform s addressed the latter type of inequity although rather
incompletely.
The history of education in the United States parses into three broadly
defined periods of emphasis on equity concerns (Rossmiller, 1987). Starting in
colonial America and gaining significant ground in the mid-1800s, the first
period focused on the elusive goal of providing free access to schooling for
all. By the tw entieth century, the goal evolved into access to an education
defined by m inim um standards. The third and m ost current round of equity
concerns arose largely from the civil rights movement. It has highlighted
process and outcomes in addition to the inputs required. Equity concerns
heightened after publication of the Coleman Report (1966). This study
questioned the connection betw een resource provision and the production of
student achievement. Subsequent research by educators, seeking to challenge
these findings, has yielded a w ealth of evidence regarding effective schools,
although rem aining som ewhat inconclusive concerning the relationship to
resource provision.
Any serious discussion of equity in general, or school finance equity in
particular, requires a conceptual framework. At least fifty years of conceptual
evolution has provided this structure (Odden & Picus, 1992). The equity
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fram ework described in this study derives from the answer to four basic
questions: 1) W hose perspective is used to discuss equity? 2) W hat object
should be distributed equitably? 3) H ow is equity defined? and 4) H ow is
equity m easured? The first tw o questions have shorter, less complicated
answers, while the last tw o require m ore extensive explanation. The point of
view of the child, versus the taxpayer, receives the most attention in academic
w ork and provides the basis for this study. The object for equitable
distribution receives various treatm ents. Some say inputs m easured in
dollars, some say processes like curriculum and instruction, and still others
focus on output (outcomes) like student achievement, graduation rates, post
secondary school enrollment, or success in the labor market. The focus for
this project comes from outcome measures.
The third question calls for a definition of equity. Should a study of
equity concentrate horizontally, vertically or on equal educational
opportunity, and fiscal neutrality? H orizontal equity, from the perspective of
children not taxpayers, consists of equal treatm ent of equals. Vertical equity
(children not taxpayers) on the other hand calls for unequal treatm ent of
unequals, recognizing legitimate educational differences and is therefore
relevant to the current discussion of adequacy theory.
Beginning in the 1960s four prim ary equity ideals emerged, which
eventually developed into legal theories (Minorini & Sugarman, 1999b). The
first idea, advanced by A rthur Wise in Rich Schools, Poor Schools: The Promise of
Equal Educational Opportunity, became know n as "one scholar, one dollar"
because of its argum ent for absolute national dollar equity for each student. A
second, similar scheme know n as geographical uniformity, and prom oted by
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H arold H orow itz (a law professor at UCLA), allowed for educationally
legitimate funding variation based on need bu t not differences explained
entirely by residence. Legal aid lawyers m odified the Horow itz geographic
uniform ity into a principle that not only allowed, bu t required, greater
financial support of those w ith a greater need. This idea contained the seeds
of vertical equity. It w ent to trial first but proved unsuccessful due to a lack of
recognized and consistent m easurement. The final and eventually most
successfully adjudicated theory, wealth neutrality, came from John Coons a
professor at the N orthw estern University Law School. W ealth neutrality,
often used interchangeably w ith equal opportunity, contains the idea that
distribution of educational services should not track fiscal capacity. This
notion represents the most prevalent perspective in academic studies.
The final question in this conceptual fram ework of school finance
equity inquires about m easurem ent and the docum entation that equity in fact
exists from the perspective of students. M any financial m easures exist in the
literature for assessing the existence and scale of resource horizontal equity
(Monk, 1990; O dden & Picus, 1992; Alexander & Salmon, 1995b; Berne &
Stiefel, 1999). The proliferation of these measures, in the literature, reveals the
extent to which equalization represents the foundation of m odem school
finance.
Four of the more common m easures include some variation of range
m ethodology, the coefficient of variation, the Gini coefficient, and the
McLoone index. The range simply reports the difference betw een the lowest
and highest observation of per pupil expenditures usually as a ratio. Since it
compares only tw o observations, it contains little information about the
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population, particularly if the unit of analysis comprises school districts and
the observations at the extremes represent a very small portion of the student
population. In order to minimize the impact of outliers, on the analysis, m any
use a restricted range, which compares an observation at the fifth percentile
to the ninety-fifth percentile, or the tenth to the ninetieth. However, this still
compares only those tw o observations. A better variant of the restricted range
comes from the federal range ratio, which compares the difference between
the observed values at the fifth and ninety-fifth percentile, to the fifth
percentile.
The coefficient of variation comes from dividing the standard
deviation observed in a population by the mean. This m easure reports the
percentage distance from the m ean represented by one standard deviation
(two-thirds of the observations in a norm al distribution). Twice the coefficient
of variation expresses the percentage distance from the m ean for ninety-five
percent of the population (again relying on the definition of a norm al
distribution). For example, a coefficient of variation value of 5% m eans that
tw o thirds of the observations are w ithin 5% of the m ean value. Ninety-five
percent of the observations occur w ithin 10% (twice the coefficient of
variation) of the mean. This measure, like the federal range ratio,
automatically adjusts for inflation. Its weakness comes from the lack of any
clear standard for comparison. Its prim ary use is as a relative index.
The Gini coefficient represents a frequently used economic m easure of
income inequality. W hen comparing inter-state school finance, its value
derives from plotting the cum ulative percentage of per pupil expenditures for
a particular state against the cumulative percentage of children enrolled in
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the state's public schools. An equitable distribution of resources w ould result
in a straight-line through the origin at forty-five degrees and a value of zero.
The range of values possible starts at zero and ends at one. Any coefficient
value greater than zero, denotes some inequity, resulting in a concave curved
line. No standard exists, how ever m ost states have values betw een .1 and .2.
This m easure encompasses all observations and adjusts automatically w ith
inflation.
The final m easure presented here comes from the McLoone index,
which focuses attention on the bottom half of a distribution of per pupil
expenditures. Its result comes from the ratio of the sum of all values below
the m edian to the sum of values as if all observations were at the median. The
range of values is again from zero to one, w ith one indicating perfect equity.
This also represents a relative m easure w ith m ost data resulting in values
from .7 to .95.
The prom inence given to equalizing input resources, by equity
proponents, receives unam biguous illum ination from these measures.
Analysis of school finance systems in virtually every state has occurred using
these m easurem ent tools, including Michigan. In fact, Michigan's m ost recent
school finance reforms, im plem ented in 1994, represent reaction to wellpublicized m easures of the failed horizontal equity of the previous school
finance mechanism (Addonizio, Kearney & Prince, 1995).
Far fewer mathem atical techniques exist for m easuring vertical equity.
This equity perspective, as indicated previously, calls for varying treatm ent of
one measure, like resources, to produce equality based on a different
measure, such as opportunity. This brand of equity theory contains the seeds

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

16
of adequacy. Frequently, literature examining school finance vertical equity
uses a w eighted student designation to account for the extra costs associated
w ith educating children disadvantaged in some way. The w eighted resource
distribution is designed to equalize opportunity using an unequal school
finance process. W ealth neutrality, on the other hand, requires a multi-variate
analysis com paring the object of m easurem ent, usually per pupil
expenditures, to a variable m easuring fiscal capacity, like property wealth.
Policy and legal perspective
Policy fragm entation
Any analysis of equity theory developm ent in U.S. school finance m ust
address the policy environm ent. A lthough interest groups and the popular
press often prom ote the im pression that a national educational policy does, or
at least should, exist, the fifty states operate independent autonom ous school
systems. The controversy surrounding the 2001 passage of the No Child Left
Behind (NCLB) Act furthers this confusion betw een national and state
governm ent responsibility.
The U. S. Constitution makes no m ention of schools or education.
U nder the Tenth A m endm ent, "The pow ers not delegated to the United States
by the Constitution, nor prohibited by it to the states, are reserved to the
states respectively or to the people." The pow er and responsibility for
education devolves prim arily to the states and local government. An elastic
interpretation of the general welfare clause of Article I Section 8 dealing w ith
legislative pow ers has yielded federal involvem ent in a variety of
constitutionally unspecified policy areas. However, resolute devotion to
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individualism and local control has created an inhospitable environm ent for
similar developm ent at least in elem entary and secondary education. The
federal role has come chiefly through indirect m eans and the use of financial
incentives (Alexander & Alexander, 2001).
However, this does not render, as insignificant, the national
governm ental influence on education policy. Perhaps the greatest impact
relies on the equal protection clause of the Fourteenth A m endm ent to the
Constitution as dem onstrated by the civil rights m ovem ent of the m id to late
1900s. The US Suprem e Court decision in Brown v. Board of Education (1954)
overturned the previous "separate but equal" policy regarding racial
segregation (Plessy v. Ferguson, 1896). Ten years later the Civil Rights and
Voting Rights Acts became law. In 1965, the Elementary and Secondary
Education Act (ESEA), an outgrow th of the w ider civil rights m ovem ent and
w ar on poverty, overcame the fervent resistance to federal aid to K-12
education (Ladd & Hansen, 1999; Alexander & Alexander, 2001).
The NCLB Act of 2001 grew out of the reauthorization of the ESEA.
Specifically, Title I of the ESEA targeted m ost national education program s at
im proving individual rights and m itigating disadvantage. In 1990, the
Individuals w ith Disabilities Education Act (IDEA), which replaced similar
1975 legislation, continued this trend. A substantial, complex, and diverse
body of regulation and case law continues to evolve from these federal
education statutes w ith a heritage in equal protection argum ents.
Litigation
M any law suits have attem pted to invalidate state funding systems
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based on the theory that they violated the equal protection clause of the U.S.
C onstitution by creating financial inequities (Minorini & Sugarm an, 1999b).
Some of this litigation succeeded until the US Supreme C ourt decided San
Antonio Independent School District v. Rodriguez (1973). The Court saw the case
as an educational, not a civil rights, issue and upheld the principles of
federalism choosing to not interfere in a m atter left to the states. They
concluded that no individual or class of persons w as excluded from
enjoyment of a fundam ental right (Minorini & Sugarman, 1999b). More
specifically the lack of any reference to education in the U.S. Constitution
precluded its interpretation as a fundam ental right guaranteed therein.
After the Rodriguez case noted above, school finance equity advocates
took their cases to state courts based on the equal protection clauses, or its
equivalent, contained in most state constitutions. Later cases included
reliance on specific education language. Education clauses appear, in some
form, in all fifty state constitutions. M any state courts like Kentucky in Rose v.
Council for Better Education (1989) found the state funding m echanism for
schools unconstitutional. These cases established that the state, not each
district or school, w as responsible for the constitutional operation and
funding of schools. This helped school funding in m any states but had the,
possibly unintended, consequence of eroding local control (additional
discussion regarding school finance litigation is forthcoming in Chapter 3).
State and local policy shifts
W hile policy regarding the national role in K-12 education took shape,
the landscape for local control of education began to change. The heritage of
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local com m unity schools precedes the common school m ovem ent of the m id
1800s stretching back to the original colonies. The emphasis of the free
common school provided some of the catalyst for state involvement. D uring
the 1920s, states started using equalization funding formulas to minimize
inequities in school funding caused by property value variation (Odden &
Picus, 1992). State involvem ent in funding led, inevitably, to stronger state
influence in education policy. The tension betw een state and local control
achieved equilibrium in m ost states but rem ained uneasy.
By the 1970s and the 1980s, both national reform m ovem ents and court
decisions em phasized the role of the state in equalizing education
expenditures (Carr & Fuhrm an, 1999). M any states, for the first time, levied
statewide taxes for school funding and took m ore control of school finance.
Michigan passed just such a m easure in 1994 called Proposal A, which
established a statew ide property tax collection and increased the state sales
tax earm arked for school funding. The m otivation for the M ichigan changes,
as in m any other states, was prim arily the reduction of property taxes. A
clearer and m ore vibrant state responsibility for education policy m ay have
far-reaching consequences.
Two of these ramifications have already surfaced. The first comes from
greater susceptibility to the political allocation process at the state level. Tax
reduction and dim inishing the size of governm ent represent major themes
nationally and for m any states. Removing the correspondence of the tax
collected and related benefits further from the taxpayer can only exacerbate
this trend. O ther revenue sharing budget items, competing state program s,
and priorities subject local education budgets to greater uncertainty and lead
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to reduced autonom y.
The second em erging consequence arises from the imposition of
increased accountability. The federal governm ent imposes new burdens on
the states, w hich in turn increase the dem ands on local schools.
Accountability in the public arena is complicated by the lack of a singularly
recognized contem poraneous m easure of success. Education faces this same
dilemma. Besides achieving cognitive progress, expectations of student
perform ance include skill acquisition, socialization, preparation for
democratic participation, and economic independence. Objective m easures of
these criteria ultim ately spread out over an entire lifespan.
Summary
The equity principles that have served as the basis for American school
finance, particularly the concept of vertical equity, represent a precursor to
adequacy theory. The persistent resource inequities, student achievement
gaps between racial and socioeconomic subgroups, focus on outcomes, and
increased accountability provisions from federal and state sources, have all
contributed to the refinement of equity ideals into adequacy theory. In
addition, as equal protection argum ents less often yielded new education
dollars, education advocates possessed pragm atic m otivation for a fresh
concept that could.
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CHAPTER 3
LITERATURE REVIEW
Resource equalization represents the historical and theoretical basis for
American school finance. The research presented here derives from a related,
though different perspective. Some states have considered, or are currently
contem plating a fundam ental change that w ould base their school funding
process on adequacy theory. The first section of this chapter surveys the
literature regarding this theory.
The second section briefly explores economic efficiency and
production theory. This discussion provides the ideal segue to the final
portion of this chapter related to methodology. This section reviews the
m ethods researchers have em ployed for relating financial resource provision
to student achievement. Particular attention is given to explaining the
education production function.
Emergence of adequacy theory as a basis for school finance
The ideals of resource equity continue to dom inate the discussion and
practice of American public school finance. However, an equity policy
derivative has em erged know n as adequacy (Berne & Stiefel, 1999). The nam e
e m b ra c e s the id e a of sufficiency, which in turn implies a standard. The

concept of educational adequacy has grow n to m ean the achievement of high
absolute standards. Equity theories, as indicated in the prior chapter, tend to
m easure resource level on a relative basis; each student relative to all others.
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Adequacy adherents m easure student achievement against a defined set of
standards and argue for the provision of resources that allow each student
the opportunity to achieve the standard. In this instance, equality results from
the opportunity provided, not the similarity of resources. In fact, proponents
of adequacy openly acknowledge that disadvantaged students need extra
resources in order to enjoy equal opportunity to achieve high standards.
Educators, litigants, academics, and the judiciary have, over the last
fifteen years, partially transitioned education finance reform objectives using
the concept of adequacy. This prem ise prom otes equality of opportunity, not
necessarily equal funding. It embraces unequal, that is, increased funding, for
districts w ith low property w ealth and higher concentrations of children
living in poverty (Odden, 2001; Guthrie & Rothstein, 1999). Higher
concentration of disabilities, poverty, disadvantageous family circumstances,
or regional economic climate can increase the cost of equivalent educational
opportunity offered in diverse locations and situations.
The parallel processing of several policy streams has served to advance
this evolution incrementally. Effective schools research focusing on process
(Rossmiller, 1987) helped prepare educators for the spotlight on outcomes
precipitated by the 1983 Nation at Risk report (Berne & Stiefel, 1999).
Education policymakers w ere also increasingly aw are of the need for
legitimate financial disparities to overcome student disadvantages. Evidence
of this awareness appears in federal categorical funding and the weighted
distribution factors in m any state allocation formulas (Berger, 1998).
Supplemental funding is often provided by federal and state governm ents for
students, schools, or districts in certain categories (Odden & Picus, 2004).
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These categories m ay relate to student need, such as compensatory education
program s for low income students, special or bilingual education. Some states
also disproportionately fund various grade levels and district size categories.
Litigation history
Decoupling educational opportunity from student characteristics like
race, socioeconomic status, and geography flows conceptually from the U.S.
Suprem e C ourt decision in Brown v. Board of Education (1954). This racial
segregation case became the w atershed for assailing unequal treatm ent and
differences in educational opportunity, regardless of derivation (Ladd &
Hansen, 1999). Federal activity, particularly after the civil rights emphasis of
the 1960s, centered on categorical aid for students disadvantaged in some
way. A 1973 U.S. Supreme court decision thw arted m ore comprehensive
educational financial reform cases in the federal courts (San Antonio
Independent School District v. Rodriguez, 1973). The Court held that the
absence of educational constitutional language prevented the issue from
rising to the level of fundam ental interest. W ithout the satisfaction of this
legal standard, the Suprem e C ourt decided it could not justify circumvention
of federalism and intervention in an area reserved to the states. The efforts
regarding school finance equity, out of necessity, proceeded in state courts
(Ladd & Hansen, 1999).
Two years prior to the Rodriguez decision, the California Supreme
Court invalidated the state's inequitable m ethod of education finance
distribution (Serrano v. Priest (Serrano I), 1971). In Serrano, the court relied
on the equal protection clauses of both the U.S. Constitution and the
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California Constitution. The plaintiff prevailed on the basis of w ealth
neutrality, the m ost prom inent education equity theory at the time, evolving
out of the previous equity theories of "one scholar one dollar", geographical
uniform ity and needs based formulas outlined in chapter 2. After the
Rodriguez ruling, the Serrano case re-surfaced w ithout U.S. Constitutional
grounds. This time, the court ruled that the California equal protection clause,
standing alone, provided sufficient grounds allowing the plaintiffs to prevail
(Serrano v. Priest (Serrano II), 1976). While this case will be found near the
top of any list of equity court opinions, its adequacy lineage springs from its
reliance on a state education clause, in addition to equal protection. A flurry
of state court actions followed around the country. By 1998, forty-three state
educational finance systems had faced legal challenges. N ineteen times the
challengers prevailed (Addonizio, 2003). W here they did not prevail, courts
sometimes disparaged the legal basis for the claim but left the door open for a
rehearing on new theory. Some states responded to the threat of litigation
w ith legislative finance reforms, although not confronting a contem porary
contest regarding their ow n educational finance system (Ladd & Hansen,
1999).
These state-based finance reform cases combined reliance on state
constitutional equal protection clauses w ith specific education language in the
pertinent state constitution. Persistent success relying on equal protection
clauses dim inished as judges applied the federal interpretation, of that clause,
to their state (Minorini & Sugarman, 1999b; Minorini & Sugarman, 1999a).
Eventually, cases relied exclusively on specific education clauses. One
example comes from a 1989 case in Texas (Edgewood v. Kirby, 1989). The
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Texas C ourt linked its verdict to m any non-finance reforms but deferred
specifics to the legislature. A lthough some state courts allowed the legislature
to craft solutions for judicial approval, m any of these scenarios took years to
complete. Texas finally presented a plan meeting the constitutional
requirem ents dem anded by the court in 1995. N ew Jersey's 1973 court
challenges w ere finally settled in 1994. West Virginia litigation which was
initiated in 1979 continued through 1998 (Ladd & Hansen, 1999), followed by
an agreem ent in 2000, the court's w ithdraw al in 2003 and a subsequent
challenge later that same year. Legislative and political solutions to
inequitable state financial support of schools repeatedly failed to satisfy
courts in those states.
Legal strategies evolved creatively based on the pragm atic desire to
increase educational funding. However, these strategies also relied on the
growing theoretical discourse regarding adequacy. The seeds of adequacy
theory appeared in the needs based equity principles espoused by the legal
aid lawyers in the late 1960s. They also em erged in legal opinions of the 1970s
rendered for W ashington and West Virginia. However, one case seemed to
provide a turning point focusing reform effort on not only equitable
solutions, bu t also on providing an adequate education to all. As indicated
previously, equity reform litigation often jointly relied on state constitutional
education clauses, in addition to equal protection clauses.
This m ilestone case concluding in 1989 came from Kentucky (Rose v.
Council for Better Education, 1989). The court in this case relied exclusively
on constitutional language requiring the General Assembly to m aintain an
"efficient system of common schools". They interpreted this phrase to m ean
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that the state m ust assure access to an adequate education. The Court
provided guidelines for the legislature to follow in devising a system to
achieve the requirem ent. These guidelines included seven very specific
capacities regarding an adequate education such as communication skills and
the ability to understand and participate in local, state, and national
governm ent. Adequacy litigation, subsequent to Rose, em phasized state
educational constitutional language, but by no m eans ignored the
requirem ents of equity.
M easurem ent issues
The cost of providing an adequate educational opportunity for each
student supplies the connection betw een the practical aspects of school
finance and adequacy theory. Defining the standards, of an adequate
education, and connecting the necessary educational resources to their
achievement has been challenging and imperfect. Establishing the pre
eminence of an educational resource connection w ith student outcomes
remains controversial in light of the Coleman report's (1966) persistent legacy
refuting its existence. However, the contrasting strain of academic literature,
thus far, dem onstrates the same perseverance for the point of view that the
connection exists (see the subsequent discussion regarding the history and
relevance of educational production functions). Both advocates of input
resource equity and adequate educational opportunity, as indicated in
C hapter 1, assum e the existence of a resource connection.
Just like the equity finance reforms, m easurem ent plays an im portant
role for school finance from an adequacy perspective. U nder adequacy
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formulations, m easuring student achievement comprises testing the m astery
of those standards. The use of achievement test scores for m easuring student
and school progress, while less than a complete assessment of the m ultiple
objectives, gam ers acceptance from education policymakers. It represents the
leading contem poraneous m easure w ith proven correlation to post-secondary
academic success as well as success in the labor m arket (Hanushek, 1986).
However, sim ply com paring test scores among schools could im ply that
schools alone account for the extensive variation observed in results. In fact,
the variation arises from m any variables, some related to schools and some
not.
Several analytic techniques exist that account for factors not controlled
by educators. One such technique, know n as adjusted perform ance measures,
identifies and adjusts for these areas. It is discussed m ore completely in the
subsequent section on comparative methodologies. Another statistical
approach, the education production function (EPF) attem pts to explain the
variation observed in student achievement. Using test scores as the
dependent variable of an EPF provides the sophistication necessary for
com paring schools beyond the oversimplified comparison of raw test scores.
Its utility comes from controlling for environm ental variables that schools
cannot control such as family and peer group influence (Schwartz & Zabel,
2005). The EPF m odel, although complex, retains some intuitive character to
constituents and allows for assessment of efficiency.
The theory behind adequate education finance reform relies on the
fundam entals of standards-based education (Odden, 2001). Instead of
focusing on w hether each school and district shares equal funding, adequacy
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adherents ask w hether the resources sufficiently support the educational
strategies identified as leading to successful achievement of high performance
standards. Determ ination of the standards for m easurem ent m ost often come
from state rather than local school policymakers (Guthrie & Rothstein, 2001).
The initial phase, for the determ ination of adequacy, compels the
identification and adoption of statewide achievement standards and
curriculum designed for m eeting those standards. Proper delivery dem ands
superior teachers, instructional materials, equipm ent, technology, and
facilities combined w ith excellent professional developm ent and assessment
tools (Verstegen, 2002). Costing of the relevant variables provides theoretical
nexus to appropriate funding.
Four strategies for determ ining the cost of an adequate educational
program have m aterialized in recent literature and are fully described in the
following pragraphs. They include econometric m odeling (regression
analysis), inference from the costs of exemplary districts, the resource cost
("professional expert") approach, and comprehensive school w ide
m anagem ent systems (Odden, 2001; Rubenstein, 2002; Verstegen, 2002;
Addonizio, 2003).
M any reviews of econometric analysis find it lacking for a num ber of
reasons, prim arily due to inconsistent results. They also attract criticism for
using test scores as the proxy for student achievement, although alternative
outcome m easures appear in some models. Given the existence of m ultiple
educational objectives, these critics view the use of a solitary m easure as a
constricted view of student achievement.
Efficiency or resource m anagem ent by the school and district often
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confounds these studies. Most models constructed, thus far, assum e the
random distribution of this factor am ong districts, unrelated to the
dimensions of a particular school. For this reason, the results rem ain
extremely sensitive to the organization selected for analysis (Addonizio,
2003). No state, or court, has adopted econometric modelling for informing its
determ ination of adequacy. A lthough largely ignored for practical
application, econometric (regression) models retain significant promise,
particularly if im proved analysis of efficiency produces consistent results.
The exem plary district m ethod often includes econometric m odeling
using only districts whose costs qualitatively represent the price of adequate
education funding. The districts, or schools, selected dem onstrate the desired
characteristics; presum ably, the achievement of statewide or other recognized
outcome standards for student performance. The same limitations, stated
previously for statistical m odels apply, particularly the sensitivity regarding
efficiency. Obviously the outcome or criterion referenced m easures used to
select the districts m ust gam er w ide acceptance. The Ohio courts used this
m ethod to determ ine adequate funding, but only after several modifications
to the model. The original attem pt excluded districts at both ends of the per
pupil funding scale thus restricting the range for determ ining an adequate
level of funding using the average spending of those districts. The final
model, accepted by the court, required the inclusion of the entire range of
schools and the costs to m eet all state m andates (Verstegen, 2002).
The resource cost m ethod uses committees, surveys, and the
professional judgm ent of experts to determ ine the components of an
adequate education. Inclusion of non-educators and reference to the literature
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represent com plem entary procedures to overcome the potential conflict of
interest from direct beneficiaries determ ining the level of necessary funding.
Courts in Illinois, Alaska, and W yoming used this approach in determ ining
the sufficiency of resources (Verstegen, 2002).
The final approach comes from comprehensive school m odels or the
whole school reform m ovem ent (Verstegen, 2002). These systems derive from
pre-determ ined package m odels in the m arket place such as New American
Schools, Success for All, and Atlas Communities. They represent turnkey
(predeterm ined, one size fits all) solutions and are an extension of the
professional expert approach, although not developed for a particular venue.
The court in N ew Jersey selected the Success for All model. The verdict sought
to impose adoption of a m odel w ith a long research record of
accomplishment. Unfortunately, in reality, none of these approaches
possesses such a research based record. They m ay also fail to include locally
necessary elements in the m odel design.
None of the approaches for the determ ination of adequacy outlined
above, except EPF, can m ake satisfactory claims of objectivity. The other three
involve the judgm ents of educators. While sincere claims of validity exist for
these m ethods, they suffer from the appearance of some level of professional
conflict of interest. The professional judgm ent m ethod is often commissioned
and conducted by people w ith a pecuniary interest in the outcome
(Hanushek, 2005). M itigation of this problem may emerge from the use of
independent educators and literature. However, w ithout contrasting
view points from outside the realm of professional educators, the conflict of
interest remains. Statistical analysis can also present the illusion of greater
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objectivity than actually exists. The researcher's decisions regarding variables
and venue often reflect pre-conceived ideas. However, through careful
craftsmanship in m odel specification and interpretation, the prospect for
objectivity exceeds that of the other designs.
Overcom ing the criticism of EPF m odels regarding inconsistency m ay
come from sorting out the effects of efficiency (Addonizio, 2003; Phelps &
Addonizio, 2006). The EPF m odel represents the best m eans of unraveling
how efficiency influences the production of student achievement. Any
attem pt to replace Michigan's equity system of school finance w ith an
adequacy m odel will require convincing the public and policymakers that
inefficiency receives little or no rew ard.
Economic efficiency
Taxpayers and politicians expect public schools to exercise
stew ardship and w isdom regarding the use of resources entrusted to them.
This expectation intensifies w hen generating funding differences among
schools. Differentiation m ust arise from legitimate educational need, not
inefficiency. Politically, efficiency m ay be in the eye of the beholder.
Policymakers, however, m ust rely on a m ore conventional definition. This
public expectation regarding stew ardship approxim ates w hat economists
refer to as technical efficiency.
Economists often segregate discussions regarding production
efficiency into technical and allocative components (Phelps & A ddonizio,
2006). Technical efficiency emerges from the ideal use of available resources
for m aximizing output. Allocative efficiency derives from comparing
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alternative technically efficient systems and choosing the least costly option.
A third and obscure type of efficiency emerges in economic analysis from an
interpretation of the unobserved effects of the entity studied. This
phenom enon is sometimes referred to as "x-efficiency". Its significance comes
from the unobserved effects of vision, m otivation, incentives, and the culture
of the entity and its leadership (Levin, 1997).
Relevance to education
The use of economic concepts to analyze education does not im ply that
m oney denotes the fundam ental w orth of learning (Friedman, 1990). Money
provides a convenient and universally understood m easure of w hat people
value, which comprises the study of economics. Economists, generally, seek
to make positive, not norm ative statem ents regarding w hat people value.
While value is subjective, and depends on perspective, economists tend to
assess people's opinion regarding relative value through their actions in the
marketplace. These actions come from exchanges that involve both private
and public goods and services. Information about public sector preferences
m ay not come from a directly observable transaction. Choices regarding
public schools, public safety, and the environm ent may instead reveal
themselves in housing values, or the taxes and fees people willingly impose
upon them selves to receive these benefits (Peters, 1999). This aspect of hum an
social behavior m akes economic investigation relevant to the study of
education.
Economic theory shares the legacy of rational choice theory
(Frederickson & Smith, 2002). The study of economics, and particularly
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economic efficiency, involves a search for value and the m eans to maximize
that value (Schenk, 2002). This perspective treats individuals as utility self
maximizers. Acceptance of this phenom enon as positive theory, or a
description of how the w orld works, does not require acknowledgment of it
as normative. However, this view of hum an behavior, referred to as Homo
economicus, agrees w ith the founding fathers' outlook regarding hum an
nature. Their convictions regarding hum an depravity and acquisitiveness
supplied the m otivation for the constitutional correctives, and other m easures
designed to minimize and channel resulting conduct (Richardson, 1997). The
focus from economics on hum an behavior and its inter-connection w ith
public education afford a solid theoretical basis for the current study. Both
the M ichigan public and policymakers desire the assurance that the
redistribution of resources under any future adequacy based school finance
m odel adjusts for a district's ow n inefficiency.
Exchange efficiency
The classical definition of economic efficiency, or the quest for value,
has m ultiple components. The first element consists of exchange efficiency
and represents the attem pt to maximize total utility. This utilitarianism does
not embrace ideas of fairness or equity, nor does it render any particular
judgm ent regarding the validity of the objectives for maximization. Economic
m odels m easure the utility of individuals although they attem pt to do the
same for society as a whole. However, this latter concept precipitates plentiful
academic debate (Friedman, 1990). Economists disagree regarding the m eans
for sum m ation of individual utility into a social welfare function to m easure
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m axim um societal utility.
One standard used to draw conclusions about the level of exchange
efficiency existing in a society or economy comes from the Pareto principle,
first advanced by an Italian political economist, Vilfredo Pareto. Pareto
efficiency exists w hen no im provem ents rem ain available that w ould advance
the social welfare of anyone w ithout producing a negative consequence to
anyone else. Any system attains Pareto optim ality only w hen no opportunity
exists for gain w ithout associated cost (Monk, 1990). A modified Pareto social
welfare standard, attributable to English economist Sir Alfred Marshall,
allows for enhanced total utility as long as some transfer m echanism exists
whereby w inners can compensate the losers. Exchange efficiency seems less
germ ane to a discussion of school or public finance because of the lack of
direct exchanges. However, it provides the basis for the following topic
regarding m axim izing the output from a given level of inputs.
Production efficiency
In addition to exchange efficiency, a classical economic definition
includes production efficiency. Instead of concentrating on utility, or
preference, the focus switches to the output of goods and services that create
the utility. Production efficiency concepts bifurcate into technical and
allocative theories. Technical efficiency encompasses maximizing output until
no opportunity for a gain w ithout cost exists. The prior discussion regarding
Pareto optim ality rem ains applicable. Com paring actual production to
possible production implies knowledge regarding the possibilities. This
inform ation is of prim ary im portance (Monk, 1990). The second factor of
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production efficiency emerges from allocative efficiency. This simply involves
the selection of the least costly, technically efficient, alternative.
Besides the segregation into technical and allocative components,
production efficiency can come from tw o different directions. It m ay consist
of increased output w ithout changing the level of inputs, or m aintaining
output levels while reducing inputs. Only analysis of both sides of this
equation will sustain a judgm ent regarding production efficiency. No
legitimate conclusions m aterialize from a consideration of changes in inputs,
w ithout reference to changes in output. The education production function
used in this study assumes that educators behave in ways that create
technical efficiency.
'^"-efficiency
Yet a third type of efficiency comes from non-allocative factors present
in all organizations. Evidence exists that qualitative factors such as clearly
defined goals, uninhibited access to information regarding these goals,
incentives, m otivation and effort, often the fruit of competition or adversity,
yield far greater output im provem ent com pared to marginal changes in
inputs (Leibenstein, 1966). Q uantity times price m ay generate a variety of
results depending on these unobserved factors, sometimes referred to as "xefficiency". Im proving student achievement by accomplishing changes in
school organizational behavior represents direct application of "x-efficiency"
ideas in school settings.
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Sum m ary
The analysis in this study draw s heavily on the notions of technical
production efficiency and "x-efficiency". Both of these ideas lend themselves
to an in p u t/o u tp u t style of inquiry like the education production function
proposed. This economic m odel builds on the foundation of the CobbDouglas (1928) factors of production theory, although the genesis of that
theory relates to industrial not educational formulations. A dditional
theoretical problem s and controversies are discussed in the following section
reviewing the literature regarding methodology. One of these issues comes
from the assum ption, referred to above, that educator's seek to maximize
student achievement.
M easurem ent of school efficiency presents itself as a prerequisite for
transitioning M ichigan to an adequacy m odel of school finance. Future
political and public support, for adequacy, m ay rely on developing objective
m eans for determ ining that higher costs do not only derive from a school
district's lack of stew ardship, judgm ent, and ineffective use of existing
resources. The m odel used in the current study allows for the scrutiny of
unobserved school effects as the m eans for m easuring district efficiency.
M ethodology: M easuring education production, performance, and efficiency
Com parison of alternative m ethodologies
The m easurem ent of school perform ance and efficiency occupies more
prom inent public policy space than ever before. The accountability trend in
governm ent in general (Peters, 2001), and schools in particular, has provided
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the catalyst for this increased attention. In addition to EPFs, several other
mechanisms appear in the popular press and academic literature. The most
w idespread m eans of assessing school perform ance comes from the simple
consideration of side-by-side achievement test scores. Yet this simplistic,
readily publicly consum ed, m eans for school evaluation suffers from
im m ediate suspicion. It takes no account of the circumstances facing each
school that differentiate it from others.
One available school evaluation technology that acknowledges
conditions not controlled by schools uses adjusted perform ance m easures
(Stiefel, et al., 2005). This m odel norm ally consists of uncomplicated
regression of test scores over independent variables beyond the schools'
influence. The tw o m ost frequently used variables come from the socio
economic status of student families and p er pupil expenditures, since these
expenditures represent a centralized decision not that of the individual
school. The residual error factor indicates the adjusted perform ance m easure
or school effect. Schools can thus be com pared by holding constant the
variables they encounter but do not control. While these adjusted
perform ance m easures characterize a vast im provem ent over tabular
comparison of raw test scores, they do not rise to the level necessary to
address technical or "x-efficiency" as previously described.
A developing approach that does m easure school efficiency comes
from estim ating cost functions (Schwartz, Stiefel & Amor, 2005). These
regressions differ from EPFs in several ways and offer some technical
advantages. The standard equation regresses the total cost of inputs over
input prices and output quantities. The first advantage comes from the ability
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to consider m ultiple outputs. Student test scores, graduation rates, post
secondary enrollment, and other outcome m easures often appear on the right
hand side of these models.
A n additional technical advantage, for cost functions, derives from the
assum ptions regarding exogeneity or the lack of correlation of the
explanatory variables w ith the error term. Prices of input factors do not suffer
the same risk of endogeneity (correlation w ith the error or unexplained
factor) as input quantities. Endogenous variables bias regression estimates.
Schools m ay influence the level of resources, causing correlation am ong the
variables and error term; however, they have little control over unit price,
which reduces the risk of correlation or endogeneity. This rem ains true even
for teacher compensation w hen the unit of analysis highlights individual
schools. These prices routinely originate from district w ide policy.
The tendency for centralized decision m aking, recordkeeping, and
reporting unveils the prim ary lim itation for cost functions, the lack of school
level data. The dem and for inform ation from this m ethodology far exceeds
the available supply for m ost venues. This constraint undoubtedly accounts
for the paucity of these m odels in the literature. While accountability
requirem ents have im proved the frequency of the necessary data collection,
Michigan does not account for school level per pupil expenditure data. These
models therefore rem ain m ost germ ane to analysis of school districts not
individual schools. However, m any states lack a centralized, accessible data
w arehousing facility necessary for conducting these studies using either
individual schools or entire districts as the unit of analysis.
Data Envelopment Analysis (DEA) offers an emerging linear
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program m ing technique that uses the most efficient observations in any
sam ple to establish an efficiency frontier (Rolle, 2004; Rubenstein, 2005). All
observations appear either at or below the frontier. This procedure can
handle m ultiple inputs and outputs, while establishing the relative efficiency
frontier from the ratio of inputs to outputs. M easurem ent by com paring to
the best observations in the sample instead of to the average, as in regression
analysis, seems to represent an advantage. However, the relative comparison
can present problem s particularly in a public policy forum. The underlying
assum ptions of linear regression allow for policy judgm ents based on chosen
standards. These ideals w ould presum ably possess a mathematical basis from
either percentile ranking or the num ber of standard deviations from the
mean.
An additional problem arising from relative efficiency m easures comes
from the use of gain rather than level models of student achievement
m easured by test scores. The school observed to achieve the m ost gain could
form the frontier for that variable even though its scores rem ain below
accepted policy standards. DEA procedures will establish a frontier based on
the variables used regardless of their utility. No goodness of fit diagnostic
exists for this m odel, creating a dependency on persuasive theory or
relationships previously established w ith either regression or correlation
analysis (Rubenstein, 2005). These issues along with the difficulty of
explaining results to policymakers provide sufficient reluctance for choosing
DEA over EPF to suggest reform of education finance policy.
Variations on the Tiebout hypothesis (Tiebout, 1956), have also
generated research regarding school quality and performance. Tiebout
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considered the choices people m ake regarding place of residence as
revelation of their preference for specific levels of jurisdictional comm unity
services. Schools certainly represent an im portant public service. Two
prim ary m odels appear in the literature (Taylor, 2005). The hedonic housing
model assum es that the value of a hom e comes from the capitalization of
satisfying characteristics like location, style, size, and com m unity attributes.
The challenge for school perform ance analysis arises from the need to control
for the theoretical variables that allow interpretation of school effects. Early
models used expenditures to proxy for school effects; however, w ork that is
m ore recent focuses on the capitalization of test scores. One significant
problem for these m odels consists of unraveling the dem ographic peer effects
of neighborhoods from the effects of the school (Taylor, 2005).
A second, contem porary m odel of revealed preferences called discrete
choice emphasizes housing decisions in addition to value. It faces similar
challenges in identifying and controlling for the other variables effecting
housing decisions. Studies em ploying both models underestim ate the
influence of family income and the labor m arket on housing decisions. The
models m ust also im prove their consideration of housing scarcity and its
impact on capitalization. Tax rates and peer effects appear as critical
capitalization factors in m any studies further complicating or overshadow ing
pure school effects (Taylor, 2005).
In Michigan, public school choice and public charter schools partially
disengage school effects from housing decisions. While these Tiebout style
approaches for studying school quality hold significant prom ise, they m ay
not be appropriate for adjusting school finance policy. School accountability
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measures are m oving to the use of value added models. Some evidence has
em erged that while level test scores get capitalized into housing prices, value
added scores do not (Brasington & H aurin, 2006).
Education production functions: Relevance and brief history
The education production function represents the economic model
w ith the longest legacy for investigating school performance. Most academic
w ork using input-output analysis to investigate the relationship betw een the
provision of educational resources and student outcomes trace their lineage
to the publication of the Coleman report (Coleman, et al., 1966). This seminal
work, commissioned by the Office of Education at the former U.S.
D epartm ent of Health, Education, and Welfare, and prom pted by the Civil
Rights Act of 1964, represents the m ost significant early attem pt to estimate
an input-output m odel for elementary and secondary education. The results,
using 645,000 public school students, indicated that factors other than those
supplied by their school provided the greatest influence on academic
achievement (Rolle, 2004).
The release of the Coleman report (1966) spaw ned continuing
controversy and volum inous research along a variety of strands. Its
methodology is vulnerable to legitimate criticism. The authors did not
account for the impact of multicollinearity am ong the variables rendering the
model extremely sensitive to the order of data entry (Hanushek, 1986). The
results thus overem phasized the im portance of the non-school explanatory
variables while m inim izing the param eter estimates of the school variables. In
sum m ary, the report found little explanation for the variation in student
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achievement am ong schools from characteristics of those schools once
controlling for differences in socioeconomic status. The effects on student
achievement from school variables w ere greater for m inority students than
white students. School facilities and program s accounted for the least
variation, while teacher quality and the educational interests of peers
produced the most.
One line of the Coleman (1966) progeny, has em ulated its use of inputoutput analysis, but has produced m ixed results. Only later as economists
joined the research effort did these m odels assum e the status of education
production functions (EPF) (Hanushek, 1979). In common use, an EPF
represents an abstraction of the production possibilities of a firm. A crucial
difference, from simple input-output analysis, comes from the theory that an
EPF portrays the m axim um output attainable from the given inputs.
A lthough these m odels portray useful heuristics for explaining relationships,
their depiction of reality derives from estimates, not certainty. The prim ary
difference em erging from the use of EPFs in education comes from the policy
implications. Correcting production errors for private firms do not require
acts of Congress, state legislatures, or the courts. N or do they necessarily
involve the allocation of public resources.
Reinforcement of the Coleman (1966) findings materialized quickly
(Jencks, 1972). According to Jencks (1972), educational perform ance depends
on inherent student characteristics to such an extent that the impact of
resources supplied by others rem ain negligible. In the latter part of the 1970s,
the well publicized disconnect betw een financial resources and learning,
combined w ith declining test scores and unfavorable international
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comparisons, helped fan the flames of property tax revolts already underw ay
(Rolle, 2004).
D uring the 1980s, tight budgets produced m any calls for increased
resources. How ever m any school reformers, including school finance
researchers, expected educators to deploy existing resources m ore efficiently
to produce im proved results (Kirst, 1983). The best sum m ation of this
collective body of research exists in the w riting of Eric A. Hanushek(1981),
now at Stanford University. This research represents a meta-analysis of 377
production estimates from 90 separate works revealing the lack of consistent
results dem onstrating a statistically significant positive relationship between
school resources and student achievement. An updated study appeared in
H anushek (1996).
A lthough a small percentage of studies result in a positive and
significant relationship betw een resources and student performance,
H anushek (1981) accounts for those findings as the result of methodological
problems. H e explains that m ost relationships arise from the inadvisable use
of aggregated data at the district or state level. W hen analysis uses specific
student or classroom data, positive and significant relationships appear less
frequently. Results also vary w hen the dependent variable changes from
student test scores to either post-secondary educational or labor m arket
success. M ore than 75% of the m odels analyzed use test scores to proxy for
student performance. H anushek (1996) seems relatively dismissive of other
outcome m easures. He argues instead that recent studies using educational
production functions m ay not replicate the positive relationships established
from prior results due to the dim inishing effect of adding greater resources.
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This latter notion and H anushek's (1996) concession that the effective
deploym ent of resources m akes a difference, leaves the possibility open for
revised production functions that m odel the educational process as complex,
m ultiple stepped processes (Rolle, 2004). Available resources purchase other
factors of education production, like instructional staff, which in turn provide
services to students. The students then produce the educational achievement.
Designing a m ultilevel m odel m ay provide the next phase of investigation.
An alternative stream of concurrent research proffered significant
challenges to the findings of the Coleman report (1966). Its early writings
stressed the existence of a m inim um resource level necessary to produce
educational outcomes (Rossmiller, 1987; M um ane, 1991). This idea later
evolved into the discovery of "threshold effects" for some resources
(Ferguson, 1991). Controlling for these effects revealed statistically significant
relationships betw een levels of expenditure and student achievement.
The H anushek (1996) article came largely as a response to a critical
refutation of his earlier w ork (Hedges, Laine & Greenwald, 1994). These
authors reanalyzed the data set used by H anushek (1981) discounting his vote
counting methodology. Vote counting represents a meta-analytic m ethod that
tallies the num ber of studies docum enting each outcome possibility, a
positive or negative statistically significant relationship betw een variables, or
one that w as insignificantly positive, negative, or unknown. The alternative
m ethodology, em ployed by Hedges, et al. (1994), included tw o different
testing devices for analyzing the same studies. The first m ethod combined
m odels from various authors m easuring the same, or similar, concepts and
determ ined an overall level of significance from the entire group of studies.
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The second test corrected for the various scales used in different studies by
converting all the results to units of standard deviation.
Hedges, et al. (1994) also tested for the robustness of the data three
ways. They first discovered which m odels relied on the same data and used
the m edian p-values from the resulting set of estimates. They also checked
and corrected for the influence of outliers and bias from over publication by a
single publication. These results reported a stronger relationship between
financial resources and student achievement m easures than revealed by
H anushek's previous, and m ore simplistic, review of the same studies.
In addition, other research findings disclose statistically significant
positive relationships betw een student outcomes m easured by earnings in the
labor m arket and using individuals as the unit for research instead of
aggregated data (Verstegen & King, 1998). Significant evidence exists
associating at least three m easures of resource inputs w ith student outcomes.
The first input variable relates to teacher characteristics. Teacher preparation,
experience, and verbal proficiency all influence educational achievement
(Ferguson, 1991; Cooper, et al., 1994). Positive linkages to achievement also
derive from class size (Ferguson, 1991) and per pupil expenditures (Hedges,
et al., 1994).
Reconciliation of the am biguous results noted above m ay derive from
one or some combination of hypotheses already described. The ideas
discussed regarding a relevant range or m inim um resource level could
supply the accession. Threshold effects, or the simple passage of time, also
hold prom ise for explaining the variation in research conclusions regarding
the connection of financial resources to student achievement.
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The current study does not set out to decide which side of this debate
should prevail. Rather it gleans from the m odels presented, suggestions
regarding specification, m easurem ent, and data, presenting an equation that
closely resembles the state of current thinking regarding the relationship
betw een resources and achievement. The current study, while relying on the
assum ption that an EPF exists, does not depend on establishing a resource
connection or its m agnitude. Its objective instead relates to separating out the
school effects, or "x-efficiency", of individual school districts, as an aid to
Michigan policymakers in transitioning from equity to an adequacy based
formula for school finance.
Education production output variables
The persistence of EPFs for the study of school perform ance and
efficiency does not imply complete resolution of all significant questions and
problems. One of the prim ary issues confronting this approach comes from
the multiplicity of outcomes expected and produced by schooling. As noted
previously, schools seek to generate autonom ous, self-supporting, and fully
participating citizens for American democracy. Production function
applications for industry generally specify various quantities of relatively
hom ogeneous output yielded from the inputs (Hanushek, 1986). M arket
pricing provides the m echanism for weighting qualitative differences in
output for industrial models. This pricing procedure does not retain its
efficacy w hen applied to education (Monk, 1990). N o acceptable weighting
approach exists for the various expected educational outcomes.
A significant num ber of EPF studies use school continuation,
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graduation or drop out rates, and labor m arket success to represent student
achievement. One notew orthy example used a 1980 Census sam ple of
w orkers to explain variation in earnings based on the assum ed state in which
they attended school and that state’s school spending (Card & Krueger, 1992).
The study used data regarding the level of state school resources for the
period from 1920 to 1970. This serves to illustrate one major draw back of
studies not using contem poraneous measures. They lack relevance to current
policy decisions. M easuring lifetime results contains valid information but
helps policymakers very little.
The vast majority of EPFs estim ated in education research rely on
student achievement as the response variable and employ test scores as the
proxy for its m easurem ent (Hanushek, 1996). Achievement test scores offer a
contem poraneous measure, policymaker and public acceptance, universal
political use, and available data. While these represent sound, practical
justification for the use of test scores to m easure student achievement, they
seem less than theoretically satisfying. A m ore sustainable academic
argum ent comes from the interrelationship of educational outcomes. Test
scores m aintain a high correlation w ith continued and post-secondary
schooling. Evidence also exists for connecting scores to lifetime earnings
(Hanushek, 1996). The joint production of educational outcomes, does allow
for some reliance on interchangeability, w ithout supporting the notion that
each supplies a perfect proxy for the other (Monk, 1990).
Limitations to interpretation and policy relevance im posed by the use
of test score achievement as the sole response variable dem and careful
contemplation. Maximizing this m easure of student perform ance has
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tradeoffs in other im portant measures. One example comes from m easuring
graduation rate. If low achievers drop out of school the level of achievement
for the rem aining population rises. M any educators and policymakers alike
w ould not view this as an acceptable tradeoff.
Education production input variables
The theoretical specification for the general classifications of inputs to
education draw s little controversy (Hanushek, 1979; Monk, 1990). Student
family background, peer effects, school influences, and innate ability
represent the core input categories. The empirical definition of proxies within
each set rem ains m ore vulnerable to objection as less than ideal depictions of
complex reality. One principal deviation from the conceptual m odel arises
from the omission of innate ability in economic analysis of education
(Hanushek, 1979). No well defined theory for m easurem ent of this hum an
trait has emerged. If IQ m easures this variable then family background m ay
help m easure its effect w hether from nature or nurture. Om itting the
unknow n IQ variable either tends to bias the family background variable in a
positive direction or, if uncorrelated, w ould tend to increase the unexplained
residual error of the model. The actual impact rem ains unknown.
Am ong the student and family background variables, the use of
socioeconomic status gam ers almost universal acceptance (Coleman, et al.,
1966; Jencks, 1972; Hanushek, 1981; Hanushek, 1996; Hedges, et al., 1994;
Stiefel, et al., 2005; Schwartz & Zabel, 2005; Schwartz, et al., 2005; Phelps &
Addonizio, 2006). Some researchers go so far as to conclude that this variable
overwhelm s the others. However, since regression analysis rem ains subject to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

49
the order of variable input (in the presence of multicollinearity among the
input variables), specification, and m easurem ent error, alternative
interpretations can and do appear. The most frequent empirical estim ation for
this variable comes from gathering inform ation regarding the percentage of a
school population eligible to receive free or reduced price meals through
federal subsidies. This data indirectly m easures household income. Some
studies use direct measures derived from census income, poverty, and
housing data. Others develop composite indices from these and other data
elements. Some studies include m easures of parental education, family size,
and even birth order (Hanushek, 1986).
Unless a study uses available microdata, for individual students, the
measures of family background serve to approxim ate peer effects as well. The
student family and peers, in this case, rem ain subject to the simplifying
assum ption of a hom ogenous population. Use of data as close to the student
as possible helps account for some of the potential variation. In addition to
the variables noted above, w hen available, data regarding single parent
families, English as a second language hom es and m inority representation
m ay prove useful.
Specification and m easurem ent of school effects has historically
attracted the m ost disagreem ent from educators, decision makers,
researchers, and the public. However, some discernible structure has
m aterialized over m ore than four decades of education production study
(Hanushek, 1981; H anushek, 1996; Hedges, et al., 1994). Teacher preparation,
experience, and verbal proficiency all influence educational achievement
(Ferguson, 1991; Cooper, et al., 1994; M onk & Rice, 1999; Rice, 2001). M any
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states, including Michigan, track the college preparation of teachers and other
school personnel. Some states, although not Michigan, require periodic
testing of teachers and specifically m easure verbal skill. Teacher salary
schedules usually reflect both the level of education and num ber of years in
the district, and thus can proxy for preparation and experience (Hanushek,
1996).
Positive linkages to achievement also derive from class size (Ferguson,
1991; Verstegen & King, 1998; Krueger, 2003). This variable represents teacher
quantity, not quality, and thus m any classify it as an adm inistrative
arrangem ent. A related variable arises from the grouping of students into
classrooms by ability and for tracking purposes (Verstegen & King, 1998).
W ith the proper level of data, the range of prior test score perform ance m ay
proxy for the peer effect of this adm inistrative choice. Studies m ay also
control for adm inistrative intensity using per pupil m easures (Phelps &
Addonizio, 2006) and school size based on enrollment (Hedges, et al., 1994).
Per pupil expenditures (Hanushek, 1996) probably rem ains the most
debated m easure of school input for estim ating student achievement.
However, particularly w hen focusing on instruction, research justification for
inclusion of expenditures in a study of efficiency exists (Rossmiller, 1987;
M um ane, 1991; Ferguson, 1991; Hedges, et al., 1994; Verstegen & King, 1998;
Phelps & Addonizio, 2006). Expenditures have obvious relevance for
investigating resource deploym ent. M ost studies revealing a positive
statistically significant relationship betw een expenditures and student
achievement em ploy m easures for total expenditures per pupil or some
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m easure of instruction, since this represents close to tw o-thirds of all
expenditures.
A dditional theoretical issues
In addition to the conventional assum ptions of linear regression, the
assum ed existence of an educational production function forms the basis of
this study. A lthough a significant body of research has developed over m any
years, m any detractors remain. Some professional educators do not accept
that education achievement derives from anything other than an artistic,
magical, mystical, or m ysterious process not susceptible to discovery,
certainly not from a crass economic m ethodology. Some of these ideas appear
irrational. However, portions of this concern derive from legitimate
empirical, analytical, and interpretive difficulty (Monk, 1990).
The application of an industrial production model, usually applied to
inanim ate materials, to both the hum an resource inputs and hum an cognitive,
social, and psychological outcomes of education seems incongruous to many.
This reasoning followed to its logical conclusion m ust then decry any study
of, or imposition of, structure on hum an behavior. This line of thought
invalidates m uch of social science. Refutation of objections to economic
analysis as dim inishing the w orth of learning to m ere m onetary term s
appears in the previous section regarding efficiency.
Rational conceptual issues arise from the possibility that different
production functions exist for subgroups, or that education production
functions exist but educators do not behave w ith the goal orientation to
maximize output. Estimating m ultiple functions for education production by
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groups w ould tend to dilute any policy relevance for the exercise (Monk,
1990). The behavioral objections introduce possibilities that require
consideration w hen interpreting results. Another prevalent perspective
radically alters interpretation. H anushek (1979; 1986) cites several studies that
use a screening m odel instead of a production model. The guiding hypothesis
for these investigations states that schools merely identify the m ore
academically able. While the m erit of the screening concept deserves research
attention, the substantive evidence from production studies retains
authoritative prominence.
Additional empirical issues
Besides the specification and m easurem ent issues already referred to,
availability of data often presents the need for compromise regarding
intended proxies for inputs to the conceptual model. The omission of some
variables, like innate ability, and the cumulative nature of education inputs
and outputs, can be m itigated som ewhat by using a value added model
(Hanushek, 1979; Monk, 1990). This form ulation perform s regression on the
difference betw een param eter estimates for tw o points in time, instead of
cross sectional estimates from a single point in time. The consequence of
om itted variables and cumulative effects influence interpretation, only during
the intervening period, instead of the students' entire life span.
Ideally, data for all variables specified, is available at the level of
individual students. However, even w hen test score data, subject to privacy
concerns can be retrieved, input data availability remains a problem. In the
case of purchased resources, stock availability cannot be interpreted as the
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actual flow of resources to an individual student. Limiting assum ptions,
averages, or aggregation to a higher level of analysis are often required
(Monk, 1990). Data docum enting the flow of resources to individual students
requires estim ation based on underlying assum ptions. For example, the input
variable for teacher salaries m ay require the assum ption that this hum an
resource flows equally to each student in the classroom. Even if allocation of
teacher time by student w ere plausible, there w ould be no accounting for
qualitative differences. W ithout qualitative observations, journals, or other
records, allocation seems unjustifiable.
Nevertheless, alternative resource flow assum ptions rem ain possible.
Student m icrodata could allow for an algorithm that bases the flow of
resources on classroom distribution of test scores rather than equal am ounts
to each student. This approach relies on assum ed behavior by the teacher to
spend more tim e w ith low or high achievers. The use of resource flow
assum ptions will influence the interpretation of results.
The ideals discussed above regarding data and unit of analysis subject
studies of education production to criticism for using states, districts, and
even schools as the unit of analysis instead of students (Hanushek, 1986;
Monk, 1990). Frequently, data availability constrains this level of analysis.
Some states, like Michigan, do not test all students every year. U nder the
NCLB Act, every school m ust test each student in m athematics and reading in
all years from the third through eighth grades starting w ith the 2005-2006
academic year. As discussed in the next section, some approaches require up
to four years of contiguous year data for ideal results. Since schools test each
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year, although not the same children, they often represent the m ost pragm atic
unit of analysis closest to the student.
Unobserved school effects
Regardless of the care exercised specifying a m odel of education
production, a considerable am ount of residual or error will remain. Some of
this error comes from unobserved and unm easured variables attributable to
the school or district attended by the student. The organizational,
m otivational, and mission orientation precipitated by leadership, parents,
and teachers creates qualitative differences not observed w ithin the
quantitative model. These quality disparities m ay generate, at least partially,
from "x-efficiency" (Leibenstein, 1966; Levin, 1997).
Q uantitative analysis of residuals from regression analysis perform ed,
over time, can result from a first differencing approach or from fixed effects
regression (W ooldridge, 2003). The first differencing technique uses the
change in data values betw een periods in the regression analysis to correct for
time series correlation in the data. One disadvantage of this m ethodology
comes from the necessity to use four years of consecutive year data to correct
for biases arising from multicollinearity and endogeneity (Schwartz & Zabel,
2005). Fixed effects regression am ounts to adding a dum m y variable to each
record representing the unit of analysis. W hen only two periods appear in the
regression analysis, both m ethods produce identical results. Even w hen
com paring m ultiple periods the m ore technically correct first difference
m odel produces only marginally better results than the level fixed effects
m odel w ith a lagged dependent variable. The best methodology w ith
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m ultiple periods depends on the level of serial correlation in the residual.
Fixed effects regression emerges as the preferred approach in m uch research
using education production functions (Schwartz & Zabel, 2005; Phelps &
Addonizio, 2006).
The possibility of m easuring the effect of a school or district on the
variation in student achievement, after controlling for other relevant factors,
w hether influenced by the entity, or not, signifies the essence of this study.
An objective m easure of this effect represents a prerequisite for popular and
legislative acceptance, in Michigan, for allowing, even creating, disparities in
financial support based on the individual needs of the population of each
school. This acceptance could help accomplish the transition in Michigan to a
school funding form ula based on providing an adequate education, an equal
educational opportunity, instead of simple resource equity.
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CHAPTER 4
RESEARCH DESIGN
This study partially replicates, for Michigan, analysis using Minnesota
elementary, and secondary school, achievement test scores and other data
(Phelps & Addonizio, 2006). Its goal consists of estim ating the effects of
resource efficiency on student achievement. This information constitutes a
prerequisite for a transition, in Michigan, from school funding based on
equity, to a form ula relying on adequacy. Adequacy based approaches allow
for legitimate financial disparities am ong schools occasioned by student need.
Objective analysis m ay serve to ease its progress through the troublesom e
political process any such transition will encounter.
Conceptual m odel
The theoretical specification of education production takes various
forms but resembles the form ulation attributed to H enry M. Levin in 1976
and reiterated by Rice (2001):
Au = g(Fi(„/ Si(t), Pi(t), Oi(t), Iit) where
A.t = a vector of educational outcomes for the i^ student at time t
F.(t) = a vector of individual and family background
characteristics cumulative to time t collective influences from
birth to point of measurement).
Si(t) = a vector of school inputs relevant to the i^ student
cum ulative to time t.
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Pi(t) = a vector of peer inputs relevant to the
cum ulative to time t.

student

Oi(t) = a vector of other external influences (e.g., community)
relevant to the i^ student cumulative to time t.
Iit = a vector of initial or innate endow m ents of the i^ student at
tim e t.
A nother similar specification of the abstract concepts producing
student achievement comes from H anushek (1979):
A ,= /iB ® P,® S® I,)w here
A it = Achievement at time t
B ® = vector of family background influences cumulative to time
t
P ® = vector of influences of peers cumulative to tim e t
S ® = vector of school inputs cumulative to time t
I,. = vector of innate abilities
This latter m odel, and particularly its successive elaboration
(Hanushek, 1986), emerges m ost frequently in subsequent education
production function literature.
Choices regarding level of analysis
In Michigan, non-public data for MEAP scores, by student, represents
a potential source of inform ation for the proposed dependent variable. The
student family, peer, and teacher characteristics data related to individual
students also appear in non-public MDE electronic files. M ichigan does not
track student achievement data by individual teacher for political reasons,
and does not track per pupil expenditures (PPE) by school, only by district.
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Were PPE available by school, the flow to individual students w ould require
reliance on assum ptions and averages as discussed earlier. The inclusion of
PPE, due to its correlation w ith the other independent variables m easuring
school effect, m ay complicate interpretation (Todd & W olpin, 2003).
The unavailability of test score data by classroom or teacher renders
student test score data no m ore useful for the purposes of this study than the
average for the school publicly reported. This necessarily aggregates the level
of analysis at least to entire schools rather than individual students. However,
the lack of reliable PPE data by school and the abstraction caused by artificial
resource flow assum ptions prom pts further aggregation to the district level.
District level data for MEAP scores and PPE came from the State of Michigan
website.
Empirical m odel
The operative version of the theoretical education production function
for use in this study appears below following Phelps & A ddonizio (2006) as
closely as possible given available data:
Mt = b0 + b jjctenroll + bjzvg_t_sal + b3avg_p_tchr + biavg_isal +
b^ivg_totexp_ntr + u + e
w here M represents statew ide M ichigan Education Assessment
Program (MEAP) reading and m ath scores. These scores are stated as a
percent of the students taking the test w ho achieved at a level meeting state
standards. Pctenroll comes from the proportion of students eligible to receive
free or reduced m eals pricing under U.S. federal guidelines. Avg_t_sal
denotes the average teacher salary in the district. Avg_p_tchr discloses the
num ber of pupils per district teacher. Avg_isal corresponds to the per pupil
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district expenditures related to instructional salaries, and avg_totexp_n.tr
controls for total district expenditures per pupil, net of transportation. The
symbol "u" signifies the portion of the residual that does not vary over time
b u t does vary by district. This can be referred to as the district fixed effect and
is estim ated following regression. The final factor, "e", signifies the random
portion of unobserved, residual, or unexplained variation.
Analysis of the residuals in the fashion indicated requires retrieval of
m ultiple observations for each district over time. This study includes a
balanced panel of observations for districts for four years starting w ith the
2001-2002 school year through 2004-2005. The average residual by district
over several observations w as used to proxy for the district fixed effect in
second stage regressions.
Although the m odel specified above contains no variable for district
size, the regression technique used for this study w as weighted by the full
time equivalent student population for each district in each year. This adjusts
for district size and m itigates the lack of constant variance in the residuals
(heteroscedasticity) which represents one of the basic assum ptions
underlying linear regression.
D ependent variable
The M ichigan Educational Assessment Program (MEAP) consists of
m andated testing for specific content areas at several, although not all grade
levels, each year. The test articulates w ith curriculum standards developed
through a participative process involving statewide educators and adopted
by the state board of education. Its design, as a criterion-referenced test
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m easuring achievement against pre-determ ined standards, m akes it
particularly relevant for assessing adequacy. Starting in the 2001-2002
through the 2004-2005 school years, M ichigan fourth graders w ere tested in
mathematics, reading, and writing; fifth and eighth grade students in science,
social studies, and writing. Seventh graders were also tested in reading and
w riting and eighth graders in mathematics. Eleventh graders tested in all
these content areas. Beginning in 2005-2006 all students in grades four
through eight will receive m athematics and English language assessments
(reading and writing) in compliance w ith the federal No Child Left Behind
Act (NCLB).
This planned focus on both mathem atics and reading for the near term
future, combined w ith the review of other research (Chapter 3), provided the
m otivation for restricting the testing in this study to these content areas. The
choice of years for the panel derives from the fact that prior to the 2001-2002
school year student testing for m athematics occurred in the seventh grade
instead of the eighth grade. In fact for the 2000-2001 school year, neither
seventh or eighth grade students took the MEAP m ath test. Thus the years in
the panel resulted from the lim ited years of data available online and the
desire to include mathem atics content testing.
The validity of the MEAP tests receive plentiful scrutiny from both
supporters and detractors. The M ichigan Departm ent of Education (MDE)
highlights content validity (Michigan D epartm ent of Education, 2004) based
on the processes central to test design. M ichigan educators either write or
review all questions through separate content and bias review committees,
and all new questions are piloted prior to inclusion in any test. One challenge
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to content validity comes from differential item functioning (DIF). This issue
arises w hen test items contain m ore than a single dim ension although
intended to m easure just one. The unm easured factors of the item can cause
testing bias if population subgroups perceive the unobserved dimension
differently. Score variation may result from the unintended dimensions
rather than the one intended. MDE sensitivity to this issue and subsequent
scrutiny seem to have m inim ized although not elim inated this effect (Lee,
2003).
Criterion validity (predictive ability and agreem ent w ith independent
measures) for the MEAP tests concern MDE less than the content validity (use
of recognized assessment) since the tests m easure achievement against a
standard curriculum. Articulating the test to state curriculum standards
rem ains the prim ary purpose. The MEAP tests apparently do not function as
predictors of future college success, by design (Michigan D epartm ent of
Education, 2004; C unningham , 2004), further explaining the lack of attention
to criterion validity.
MDE also chooses not to focus on construct validity (correlation of
m ultiple related test questions w ith each other). Instead of basing scores on
testing strands (groups of related questions) scores rely on the one
dimensional nature of an entire test and item response theory (IRT) (Michigan
D epartm ent of Education, 2004). IRT bases assessment on the underlying trait
tested rather than the exact num ber of correct responses. It allows the use of a
consistent scale, across different test versions, w ithout employing exactly the
same test items and for tailoring the test to specific groups w ithout
compromising test integrity.
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Test reliability, or consistency, m easures all exceed 80%, except for
eleventh grade writing. MDE uses internal consistency, by com paring
individual item responses to overall test scores, to assess reliability (Michigan
Departm ent of Education, 2004). Criticism exists for both MEAP reliability
and validity (Bums, 1998) w ith individual students. It also exists for purposes
related to accountability (Applegate, 2004). Much of this criticism comes from
the divergence of local practice from the state standards m easured by the
MEAP tests. Criticism may also result from comparison of MEAP test results
to other tests, such as college entrance exams, not designed to m easure the
same achievement. The prim ary deficiencies of the MEAP tests, related to
school accountability, receive m itigation by controlling for the variables not
influenced by the school.
The nature of the MEAP makes it appropriate for a study of adequacy,
since it m easures achievement against a prescribed set of pre-determ ined
standards. The dependent variable specified in the m odel show n above
represents statew ide reading and m ath scores. In Michigan, the fourth grade
MEAP test represents the first required statewide assessment of m ath and
reading. The seventh grade test constitutes the second assessment for reading
and eighth grade the second test for mathematics.
Independent variables
Chapter 3 contains a section related to m ethodology that docum ents
the factors necessary to control for the family, peer, and school effects that
constitute the inputs of education production.
The use of eligibility for the federal free and reduced price nutrition
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program to operationalize the socioeconomic status of students is widely
used on its ow n or in combination w ith other factors (Maylone, 2002; Phelps
& Addonizio, 2006). Support for the variables controlling for teacher
characteristics along w ith per pupil expenditures and class size, appear in
C hapter 3. The inclusion of school district size comes from the need to
diagnose sensitivity of the m odel to the num ber of students actually tested
(Kane & Staiger, 2002).
Data and hum an subjects review
In Michigan, data for MEAP scores is under the control of the MDE
Office of Educational Assessment and Accountability (OEAA). The Office of
the State Budget contains the Center for Educational Performance and
Information (CEPI). This office m aintains a student, school, and school
personnel data w arehouse called the Michigan Educational Information
Service (MEIS). Student information, other than test scores, resides in the
Single Record Student Database (SRSD). This file contains a field disclosing
eligibility for federally subsidized meals.
Teacher characteristics come from a CEPI m aintained file called the
Registry of Education Personnel (REP). This file accumulates information
regarding teacher preparation, school assignment, compensation,
certification, age, hire date, and other dem ographic elements. District
expenditure data comes from a publicly available file called Bulletin 1014
accessible from the MDE website. This file also contains pupil count
information.
Public data from the files specified above w as collected, combined, and
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organized into the four year panel used for testing. This rendered CEPI
review unnecessary. The project w as considered exempt by the W estern
Michigan University H um an Subjects Institutional Review Board (Appendix
A.) The m ost significant compromise experienced by limiting data retrieval to
public records, came from the lack of direct information regarding teacher
age, preparation, and experience. No public information regarding teacher
characteristics is available from CEPI. Since negotiated teacher salary
schedules rely, to a large extent, on education and seniority, this variable
provided a substitute proxy for the m ore direct measures.
Analysis
M ultivariate linear regression analysis provided the m eans to estimate
relationships am ong the variables noted above (Wooldridge, 2003). Initial
m odel testing used ordinary least squares regression (OLS). OLS models
covered each year individually, and all four grade level subject area proxies
for the dependent variable. Results were examined for conformity to the
underlying assum ptions of OLS. In addition to the use of a properly specified
model, w ith variables consistently scaled, the error term m ust m eet certain
conditions to satisfy these assum ptions. Assum ptions related to the
unexplained m odel error come from lack of correlation w ith the specified
independent variables, norm al distribution, and the presence of constant
variance. Threats to these assum ptions can cause biased param eter estimates
and detract from or nullify m odel interpretation.
Diagnosis of m odel problem s resulted in rem ediation, changing the
functional form of the regression m ethodology to w eighted least squares
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(WLS) estimation. This technique m itigates inconsistent residual variance
caused by the disparity in num bers of students tested am ong the statewide
school districts included in the study.
Portions of the analysis of variance tables (ANOVA) reporting the
results from testing the m odel referred to above appear in the following
chapter. The ANOVA consists of three sections. The first section discloses the
source of variance, from the m odel and from the unobserved residual. The
second section contains information regarding the overall fit of the model. It
reports the statistical significance of the m odel as a whole and reveals an
adjusted R2factor generally recognized to represent the percent of the
dependent variable explained by the m odel specified. The final section
displays the param eter estimates noting the direction and m agnitude effects
of each independent variable on the dependent variable. This section also
highlights the statistical significance of each variable within the specified
confidence interval. Only the param eter estimates, level of significance and R2
factors are presented.
Based on previous studies using a similar m odel (Schwartz & Zabel,
2005; Phelps & Addonizio, 2006), the current specification for Michigan
school districts w as expected to explain from sixty to seventy percent of the
variation in MEAP scores. The SES variable was anticipated to explain as
m uch as fifty percent of the variance on its ow n and to be statistically
significant. Predictions regarding the coefficients for the school input
variables included lower m agnitudes and lack of statistical significance. The
efficiency param eter estimate w as expected to explain from five to fifteen
percent of variance and be greater in m agnitude than the individual school

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

66
characteristic explanatory variables.
Following diagnoses of the annual OLS models, an average residual
w as calculated for each district. This factor provided a proxy for the district
fixed effect. These estimates were then included, as explanatory variables, in
yet a third set of regressions. These annual OLS regression tests were used to
note the changes in explanatory pow er of the m odel including a variable that
estim ated district efficiency.
The estimate of the fixed effects residual, ceteris paribus, m easures
school district effects unobserved by the specified variables (Schwartz &
Zabel, 2005). These fixed effects come from the "x-efficiency" of the district,
which represents the culture, mission, vision, and organizational aspects not
captured or quantified elsewhere in the model, but that either enhance or
underm ine student achievement. This param eter could become one factor in
an adequacy based allocation form ula allowing policymakers to isolate school
effects on student achievement from family, peer, and innate ability effects.
One objective of the resulting allocation approach comes from not rew arding
inefficient school districts w ith increased resources or penalizing efficient
districts w ith less.
The table on the following page sum m arizes the relationship, in this
study, betw een the hypotheses previously presented, the explanatory
variables and the various statistical tests.
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Table 1 Hypotheses, Variables, and Statistical Tests

Hypothesis

Variables

Statistical tests

(H0) Efficiency unrelated
to student achievement

u - fixed effects component of

Comparison of R2from
preliminary weighted OLS
to post estimation
regression using residuals

(H,) Socioeconomic
status not significantly
related to student
achievement

pctenroll - proportion of student

(H2) Socioeconomic
status of relatively small
magnitude

pctenroll - proportion of student

(H3) School
characteristics not
significantly related to
student achievement

Avg_t_sal - average teacher salary,
avg_p_tchr - pupil to teacher ratio,
avg_isal - instructional salaries per
pupil, avg_totexp_ntr - expenditures

residual error

population eligible for federal
nutrition subsidy

population eligible for federal
nutrition subsidy

ANOVA, p-value,
weighted OLS

ANOVA, parameter
estimate, weighted OLS

ANOVA, p-value,
weighted OLS

per pupil net of transportation

(H4) School
characteristics of
relatively small
magnitude

A vg_t_sal - average teacher salary,
avg_p_tchr - pupil to teacher ratio,
avg_isal - instructional salaries per
pupil, avg_totexp_ntr - expenditures

ANOVA, parameter
estimate, weighted OLS

per pupil net of transportation
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CHAPTER 5
ANALYSIS OF DATA AND RESULTS
Data description
As indicated in the prior chapter, data collection occurred from files
available to the public via Michigan D epartm ent of Education (MDE) and
Center for Educational Performance and Information (CEPI) websites. Three
separate file types w ere retrieved. The data for the dependent variable came
from MEAP scores. This information populates files m aintained by the Office
of Educational Assessment and Accountability (OEAA) of the MDE. The
second file type, used for m ost of the independent variables, contains district
financial inform ation called Bulletin 1014 adm inistered by the MDE Office of
State Aid and School Finance. The eligibility for federal meal subsidies comes
from information contained in the Single Record Student Data base controlled
by CEPI. A file representing various m easures of a single element in this data
base called Free and Reduced Lunch (FRL) appears on the CEPI website.
O btaining the necessary MEAP score data for the 2001-02 through
2004-05 school year data panel required the retrieval of twelve separate files.
One file was retrieved for each of the three grade levels (fourth, seventh, and
eighth grades) for each of the four school years. The data contained in these
files report the percent of students in each of four scaled score categories
(Michigan Departm ent of Education, 2006b). The combination of the two
upper levels represents the percent of students m eeting or exceeding state
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standards. Thus these levels were added together to obtain a single
percentage for each grade in each year.
Two files per year containing district Bulletin 1014 (Michigan
D epartm ent of Education, 2006a) and meal subsidy (FRL) (Michigan Center
for Educational Performance and Information, 2006) data w ere retrieved
m aking a total of eight files representing the independent variables. Thus,
preparation of the eventual data panel for use in testing the m odel described
in C hapter 4 required m anagem ent of tw enty separate files. Each file
contained a district identifying num ber that rem ained consistent across file
type and year. The original files w ere dow nloaded into a spreadsheet
program . These files w ere used to create working files by year, trim m ed to
contain this identifying num ber and only the data elements necessary for
testing, as discussed in the Chapter 4 presentation of the empirical model.
Each of the spreadsheet files was then im ported to a database program . The
final panel w as built w ith update queries utilizing the district num ber as the
key identifier. Careful comparison of the panel to the original files was
perform ed for a sample of districts to assure the accuracy of data
m anagem ent. The final panel database worksheet w as exported back to a
spreadsheet program and then im ported into a statistical analysis package for
testing.
The Bulletin 1014 files contain the m ost complete rendition of district
count as verified w ith the School Code M aster file m aintained by MDE. The
district counts in Bulletin 1014 for the years included in the panel starting
w ith 2001-02 are as follows: 743,742,744, and 760 respectively. However,
only 494 districts reported data for every field used in the m odel for every
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year in the panel. The prim ary reason for this comes from the inclusion of
each charter school as a separate district. These schools are public schools
w ith a charter from one of the allowable organizations under state law and
operate independently from the traditional local public school board in their
jurisdiction. Since m any of these schools are actually operated by
m anagem ent companies contracted by their board of control, they do not
technically have or report any salary information on Bulletin 1014. Thus those
not reporting data w ere excluded from the panel. Based on the Full Time
Equivalency pupil count data m aintained by CEPI, the num ber of charter
schools for each of the years in the panel w as 185,185,192, and 210
respectively.
Besides differences arising from missing charter schools data, at least
tw o reasons exist for exclusion of several traditional districts from the study
panel. The first issue derives from the fact that some traditional school
districts do not offer all twelve grades. Any district that does not offer either
seventh or eighth grade w as necessarily elim inated from the panel. There are
also some districts w ith less than ten students in a grade w here the MEAP test
is given. Scores are not reported in the public files for locations w ith less than
ten test takers.
Descriptive statistics for the 494 district panel are presented in the
following tables by year and then as an entire panel. These tables include the
district and year identifiers although they do not represent variables used in
regression. Therefore no m ean or standard deviation statistics are reported
for these elements. The tables also disclose the total num ber of students used
as the weighting factor to produce the descriptive statistics.
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Table 2 Descriptive Statistics 2002
Variable
district
year
math_gr4_sat
read_gr4_sat
read_gr7_sat
math_gr8_sat
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_ntr

Districts
494
494
494
494
494
494
494
494
494
494
494

Weight
1614631
1614631
1614631
1614631
1614631
1614631
1614631
1614631
1614631
1614631
1614631

M ean

0.658122
0.579518
0.508865
0.529338
0.318536
52716.69
21.13865
4465.58
7592.132

Std Dev

0.145091
0.150861
0.164318
0.190639
0.220991
5892.498
2.105437
526.5535
1123.957

Min
1010
2002
0.14
0.13
0.124
0.092
0.02
31589
12
2992
5423

Max
83070
2002
1
1
0.857
0.919
0.9
83479
28
6418
11874

Table 3 Descriptive Statistics 2003
Variable
district
year
math_gr4_sat
read_gr4_sat
read_gr7_sat
math_gr8_sat
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_ntr

Districts
494
494
494
494
494
494
494
494
494
494
494

W eight
1629785
1629785
1629785
1629785
1629785
1629785
1629785
1629785
1629785
1629785
1629785

M ean

0.659509
0.755439
0.609653
0.514214
0.324931
52550.89
20.64035
4591.504
7766.369

Std Dev

0.144402
0.123133
0.171409
0.190241
0.207947
6428.927
2.360793
524.1659
1136.369

Min
1010
2003
0.101
0.334
0.136
0.057
0.02
24547
9
2827
5416
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Max
83070
2003
1
1
0.917
0.966
0.9
69721
28
6775
12334
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Table 4 Descriptive Statistics 2004
Variable
district
year
math_gr4_sat
read_gr4_sat
read_gr7_sat
math_gr8_sat
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_ntr

Districts
494
494
494
494
494
494
494
494
494
494
494

W eight

M ean

1606391
1606391
1606391 0.737847
1606391 0.804905
1606391 0.612894
1606391 0.627342
1606391 0.338545
1606391 54041.46
22.224
1606391
1606391 4730.018
1606391 8249.132

Std Dev

0.132745
0.108744
0.148093
0.178102
0.216279
6665.473
2.446218
599.4193
1352.582

Min
1010
2004
0.118
0.357
0.183
0.095
0.03
32163
11
2973
6008

Max
83070
2004
1
1
0.92
1
0.88
70748
33
6936
13418

Table 5 Descriptive Statistics 2005
Variable
district
year
math_gr4_sat
read_gr4_sat
read_gr7_sat
math_gr8_sat
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_ntr

Districts
494
494
494
494
494
494
494
494
494
494
494

W eight
1587676
1587676
1587676
1587676
1587676
1587676
1587676
1587676
1587676
1587676
1587676

M ean

0.727471
0.828815
0.727144
0.622681
0.352051
56979.14
22.98382
4869.78
8414.103

Std Dev

0.132871
0.094977
0.141217
0.16626
0.222841
7625.037
2.654411
611.8879
1374.154

Min
1010
2005
0.287
0.505
0.342
0.125
0.02
30832
14
3253
5990
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Max
83070
2005
1
1
0.97
1
0.89
75092
32
7010
15628
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Table 6 Descriptive Statistics 2002-2005
Variable
district
year
math_gr4_sat
read_gr4_sat
read_gr7_sat
math_gr8_sat
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_ntr

Districts
1976
1976
1976
1976
1976
1976
1976
1976
1976
1976
1976

W eight
6438484
6438484
6438484
6438484
6438484
6438484
6438484
6438484
6438484
6438484
6438484

Mean

0.695465
0.741757
0.614158
0.572979
0.333412
54056.33
21.73831
4663.104
80Q2.849

Std Dev

0.143724
0.155611
0.174635
0.188827
0.217264
6903.321
2.565409
585.9229
1294.894

Min

Max

1010
2002
0.101
0.13
0.124
0.057
0.02
24547
9
2827
5416

83070
2005
1
1
0.97
1
0.9
83479
33
7010
15628

The sum m ary of the dataset, for this study, contained in the four
annual tables and the final combined table above represents the same 494
Michigan school districts observed across four years for a total of 1,976
observations. The m eans and standard deviations reported for each
explanatory variable w ere determ ined after w eighting each variable by the
inverse of variance for the student population. This technique is useful for
observations containing averages. Averages based on the num ber of
observations grow in precision as the num ber increases. W eighting provides
the m eans to concede greater im portance to the m ore precise m easurem ents
(UCLA Academic Technology Services, 2006). W eighting considers the
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variation in the data by student, although the unit of analysis rem ains
aggregated by district.
The grade level m ath and reading dependent variables, reporting the
percent of tested students m eeting state standards, reveal a broad range of
results (Tables 2-6). These percentages span from just below six percent for
eighth grade m ath, in at least one district, to one hundred percent of students
m eeting state standards in fourth grade m ath, fourth grade reading, and
eighth grade m ath in other districts. The m eans for all three grades and both
subjects range from fifty-seven to seventy percent. There is also an upw ard
trend in the scores for the percent of students meeting state standards. This
trend probably results from several factors including increased focus on the
test due to its role in assessing school progress under the NCLB Act passed in
2001 and signed into law by the President during January 2002. It also
becomes m ore likely that teachers can teach to the test, including presenting
students w ith the same style of questions, the longer the form, structure, and
style of the test rem ain unchanged.
The independent variables also contain observations spread across a
broad range. The percent of students eligible for free or reduced priced meals
spreads from tw o to ninety percent w ith a statewide m ean average of about
one-third based on the dataset of districts tested. The average district teacher
salary ranges from a low of $24,547 to a high of $83,479 w ith a m ean of
$54,056. The M ichigan district pupil to teacher ratio for these four years
stretches from nine to thirty-three w ith a m ean of just under twenty-two. It
should be noted that this is a district w ide ratio and not restricted to the
grades used in the study. Average instructional salaries per pupil for these
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districts and years ranges from $2,827 to $7,010 w ith a m ean of $4,663, while
total operating expenditures, net of transportation, extend from $5,416 per
student to $15,628 w ith a m ean of $8,000.
The following table presents a comparison of each variable's dataset
m ean from the Descriptive Statistics Tables 2 through 5 and the population
average independently reported. The population consists of all public school
districts in the State of Michigan. The population MEAP score data comes
from statewide reporting by the Michigan D epartm ent of Education
(Michigan D epartm ent of Education, 2005; Michigan Departm ent of
Education, 2002) and the financial components are reported in the
D epartm ents Bulletin 1011 (Michigan D epartm ent of Education, 2002-2006).
The statewide data for free and reduced lunch eligibility and the pupil to
teacher ratio are reported by the National Center for Educational Statistics
(2006). This table reveals that the dataset closely reflects the population of
Michigan public school districts.
Prelim inary annual test results
A prelim inary set of sixteen regressions for all four m easures of
student achievement and separately for each of the four years served several
purposes. Review of m odel specification, fit, and m odel diagnosis represent
the prim ary motivation. The regressions w ere weighted analytically by the
student population of each school district as discussed in the prior section
regarding descriptive statistics. This procedure corrected for the anticipated
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Table 7 Com parison to Statewide Profile

Variable
(N /A = not available)

2002

2004

2003

2005

Dataset Profile

Dataset Profile Dataset Profile Dataset Profile

Grade 4 Math MEAP

66%

65%

66%

65%

74%

73%

73%

73%

Grade 4 Reading MEAP

58%

57%

76%

75%

81%

79%

83%

82%

Grade 7 Reading MEAP

51%

51%

61%

61%

61%

61%

73%

73%

Grade 8 Math MEAP

53%

53%

51%

52%

63%

63%

62%

62%

FRL Eligibility-pctenroii

32%

31%

33%

31%

34%

33%

35%

N /A

Teacher salary-avg_t_sai(ooo) 52.7

52.5

52.5

53.2

54

52.2

57

54

Pupil/Tchr ratio-avg_p_tchr 21.1

17.5

20.6

19.9

22.2

18.1

23

N /A

Inst salaries-avg-isai

4,466 4,701 4,592 4,819 4,730 4,928 4,870 5,053

Pre-trans exp-avg_totexp_ntr 7,592 7,602 7,766 7,779 8,249 7,985 8,414 8,147
Pupil count (ooo)

1,615 1,731

1,630 1,751

1,606 1,734 1,588 1,723

lack of constant variance in the m odel error term caused by the w ide
variance in district size m easured by the num ber of students. This
heteroscedasticity represented the principal diagnostic problem related to the
underlying assum ptions for least squares regression. The w eighting
m ethodology provided significant im provem ent bu t did not entirely correct
the problem for all years in the study.
Each of the four tables of w eighted least squares (WLS) regression
results presented below represents one of the four m easures of student
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achievement regressed over the independent variables for all four years
included in the study. Socioeconomic status (pctenroll) represents the only
explanatory variable rem aining statistically significant across all four
m easures of student achievement and in all four years.
Likewise, average teacher salary (avg_t_sal) is the only variable that
does not reach statistical significance in any of the sixteen regression models.
The pupil to teacher ratio (avg_p_tchr) is statistically significant in all but
three equations, per pupil instructional salaries (avg_isal) in ten, and per
pupil expenditures, net of transportation (avg_totexp_ntr), in fifteen of the
sixteen regressions. The R2m easure of overall m odel fit is comparable to the
education production function literature. The interaction betw een
socioeconomic status (pctenroll) and student achievement, after
standardizing (normalizing) the coefficients, appears consistent across both
m ath and reading. It also rem ains stable across fourth, seventh, and eighth
grades.
There is a noticeable m ovem ent dow nw ard in the value of the
estimates after the 2003 year in both subjects and all three years. This trend
m ay be due to changes in the tests or increased emphasis on the MEAP test in
districts w ith m ore students from low income families, particularly in light of
the NCLB requirem ents regarding m easurem ents of population sub-groups
in addition to overall achievement.
The negative direction of the sign on the coefficient for socioeconomic
status depicts a situation w here the higher the percent of eligibility for federal
meal subsidies the lower the percent of students achieving state standards on
the MEAP test.
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Table 8 G rade 4 M ath Prelim inary WLS Regression Results
Math Grade 4
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

Constant

Observations
R-squared

(2)
(3)
(1)
SY2002
SY2004
SY2003
math_gr4_sat
math_gr4_sat math_gr4_sat
-0.559***
-0.543***
-0.426***
[-0.72]
[-0.73]
[-0.60]
(0.026)
(0.030)
(0.026)
0.0000000724
-0.00000128
0.000000829
[-0.060]
[0.0036]
[0.045]
(0.0000011)
(0.0000010)
(0.0000010)
-0.00162
-0.00324
-0.00972***
[-0.21]
[-0.026]
[-0.058]
(0.0024)
(0.0024)
(0.0023)
0.0000734***
0.0000865***
0.0000123
[0.27]
[0.31]
[0.050]
(0.000018)
(0.000016)
(0.000016)
-0.0000303***
-0.0000318***
-0.0000138**
[-0.21]
[-0.12]
[-0.23]
(0.0000074)
(0.0000069)
(0.0000061)
0.782***
1.109***
0.809***
[5.97]
[9.03]
[6.18]
(0.057)
(0.053)
(0.050)
494
494
494
0.71
0.67
0.70
Normalized >eta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
SY2005
math_gr4_sat
-0.379***
[-0.56]
(0.028)
0.00000133
[0.076]
(0.00000100)
-0.0110***
[-0.25]
(0.0025)
0.00000104
[0.0045]
(0.000017)
-0.0000108
[-0.10]
(0.0000066)
1.124***
[9.48]
(0.060)
494
0.61
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Table 9 G rade 4 Reading Prelim inary WLS Regression Results
Reading Grade 4
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

Constant

Observations
R-squared

(2)
(3)
(1)
SY2002
SY2004
SY2003
read_gr4_sat
read_gr4_sat
read_gr4_sat
-0.340***
-0.575***
-0.431***
[-0.62]
[-0.80]
[-0.73]
(0.023)
(0.024)
(0.023)
-0.00000141
0.000000357
-0.00000126
[-0.089]
[0.025]
[-0.063]
(0.00000096)
(0.00000088)
(0.00000079)
-0.00434**
-0.00336*
-0.00705***
[-0.077]
[-0.20]
[-0.075]
(0.0018)
(0.0021)
(0.0020)
0.0000759***
0.000100***
0.0000170
[0.47]
[0.088]
[0.29]
(0.000014)
(0.000012)
(0.000016)
-0.0000384***
-0.0000493***
-0.0000216***
[-0.24]
[-0.28]
[-0.45]
(0.0000047)
(0.0000066)
(0.0000060)
0.874***
0.961***
1.155***
[12.1]
[7.05]
[9.38]
(0.041)
(0.051)
(0.043)
494
494
494
0.71
0.70
0.78
Normalizec beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
SY2005
read_gr4_sat
-0.309***
[-0.62]
(0.017)
-0.000000418
[-0.032]
(0.00000061)
-0.00462***
[-0.14]
(0.0015)
0.0000190*
[0.11]
(0.000010)
-0.0000144***
[-0.18]
(0.0000041)
1.097***
[12.4]
(0.037)
494
0.72
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Table 10 G rade 7 Reading Prelim inary WLS Regression Results
Reading Grade 7
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

Constant

Observations
R-squared

(2)
(3)
(1)
SY2004
SY2002
SY2003
read_gr7_sat
read_gr7_sat
read_gr7_sat
-0.662***
-0.534***
-0.619***
[-0.84]
[-0.86]
[-0.73]
(0.025)
(0.023)
(0.029)
-0.00000171*
-0.000000927
0.000000731
[-0.084]
[-0.045]
[0.038]
(0.0000010)
(0.00000090)
(0.00000099)
-0.00641***
-0.00907***
-0.00701***
[-0.11]
[-0.16]
[-0.15]
(0.0022)
(0.0020)
(0.0023)
0.0000884***
0.0000407***
0.0000761***
[0.29]
[0.32]
[0.16]
(0.000014)
(0.000017)
(0.000016)
-0.0000436***
-0.0000506***
-0.0000230***
[-0.31]
[-0.36]
[-0.19]
(0.0000070)
(0.0000061)
(0.0000059)
0.907***
0.923***
1.048***
[7.32]
[7.90]
[7.19]
(0.054)
(0.045)
(0.051)
494
494
494
0.84
0.80
0.75
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
SY2005
read_gr7_sat
-0.484***
[-0.78]
(0.021)
-0.000000177
[-0.011]
(0.00000076)
-0.00855***
[-0.21]
(0.0019)
0.0000230*
[0.11]
(0.000013)
-0.0000198***
[-0.20]
(0.0000050)
1.159***
[10.6]
(0.046)
494
0.80

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

81

Table 11 Grade 8 M ath Prelim inary WLS Regression Results
Math Grade 8
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

Constant

Observations
R-squared

(2)
(3)
(1)
SY2002
SY2003
SY2004
math_gr8_sat
math_gr8_sat
math_gr8_sat
-0.728***
-0.741***
-0.574***
[-0.84]
[-0.86]
[-0.70]
(0.027)
(0.029)
(0.031)
-0.00000119
-0.00000124
0.00000181*
[-0.052]
[-0.050]
[0.084]
(0.0000011)
(0.0000011)
(0.0000011)
-0.0106***
-0.00766***
-0.0146***
[-0.16]
[-0.12]
[-0.28]
(0.0025)
(0.0026)
(0.0025)
0.0000949***
0.0000908***
0.0000229
[0.31]
[0.29]
[0.080]
(0.000018)
(0.000018)
(0.000017)
-0.0000480***
-0.0000468***
-0.0000350***
[-0.30]
[-0.29]
[-0.26]
(0.0000076)
(0.0000078)
(0.0000065)
0.988***
0.925***
1.228***
[6.81]
[6.05]
[8.63]
(0.059)
(0.056)
(0.056)
494
494
494
0.82
0.78
0.79
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
SY2005
math_gr8_sat
-0.570***
[-0.74]
(0.025)
-0.000000867
[-0.043]
(0.00000091)
-0.00892***
[-0.18]
(0.0023)
0.0000470***
[0.18]
(0.000016)
-0.0000297***
[-0.25]
(0.0000060)
1.099***
[8.09]
(0.055)
494
0.80

This param eter estimate reveals the greatest m agnitude effect
com pared to the standardized (often referred to as beta) coefficients of the
other predictors. Every one percentage point increase in the proportion of
students eligible for free or reduced price meals is associated w ith the
proportion of students m eeting state academic standards decreasing by from
a third to three quarters of a percentage point, depending on the subject and
year. Both the m agnitude and direction of this result coincide w ith previous
research.
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The tables that follow present further evidence of the explanatory
pow er over student achievement offered by socioeconomic status. These
tables contain regression results using the same observations reported in the
Table 12 Grade 4 M ath Prelim inary WLS Regression Results
(Socioeconomic Status Only)
Grade 4 Math
pctenroll

Constant

Observations
R-squared

(2)
(3)
(1)
PRESES2002
PRESES2004
PRESES2003
math_gr4_sat
math_gr4_sat
math_gr4_sat
-0.546***
-0.572***
-0.490***
[-0.72]
[-0.76]
[-0.69]
(0.016)
(0.018)
(0.017)
0.832***
0.845***
0.904***
[6.35]
[6.46]
[7.36]
(0.0064)
(0.0068)
(0.0067)
494
494
494
0.69
0.68
0.64
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
PRESES2005
math_gr4_sat
-0.455***
[-0.68]
(0.017)
0.888***
[7.49]
(0.0072)
494
0.58

Table 13 Grade 4 Reading Prelim inary WLS Regression Results
(Socioeconomic Status Only)

Grade 4 Reading
pctenroll

Constant

Observations
R-squared

(2)
(3)
(1)
PRESES2002
PRESES2003
PRESES2004
read_gr4_sat
read_gr4_sat
read_gr4_sat
-0.594***
-0.469***
-0.410***
[-0.83]
[-0.74]
[-0.79]
(0.015)
(0.016)
(0.013)
0.769***
0.908***
0.944***
[6.20]
[9.87]
[8.86]
(0.0059)
(0.0063)
(0.0053)
494
494
494
0.76
0.63
0.66
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
PRESES2005
read_gr4_sat
-0.351***
[-0.70]
(0.011)
0.953***
[10.8]
(0.0045)
494
0.68
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Table 14 G rade 7 Reading Prelim inary WLS Regression Results
(Socioeconomic Status Only)

Grade 7 Reading
pctenroll

Constant

Observations
R-squared

(3)
(2)
(1)
PRESES2002
PRESES2004
PRESES2003
read_gr7_sat
read_gr7_sat
read_gr7_sat
-0.728***
-0.585***
-0.650***
[-0.80]
[-0.89]
[-0.95]
(0.017)
(0.016)
(0.016)
0.811***
0.716***
0.846***
[6.43]
[5.68]
[6.38]
(0.0067)
(0.0064)
(0.0063)
494
494
494
0.77
0.78
0.73
Normalized beta coefficients in brackets
Standard errors in parentheses
*** pcO.Ol, ** pcO.05, * p<0.1

(4)
PRESES2005
read_gr7_sat
-0.554***
[-0.89]
(0.014)
0.922***
[8.41]
(0.0058)
494
0.76

Table 15 Grade 8 M ath Prelim inary WLS Regression Results (Socioeconomic
Status Only)

Grade 8 Math
pctenroll

Constant

Observations
R-squared

(3)
(2)
(1)
PRESES2004
PRESES2002
PRESES2003
math_gr8_sat
math_gr8_sat
math_gr8_sat
-0.711***
-0.764***
-0.790***
[-0.87]
[-0.91]
[-0.90]
(0.021)
(0.018)
(0.019)
0.771***
0.868***
0.773***
[5.04]
[6.10]
[5.33]
(0.0080)
(0.0075)
(0.0070)
494
494
494
0.75
0.75
0.78
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
PRESES2005
math_gr8_sat
-0.646***
[-0.84]
(0.017)
0.850***
[6.26]
(0.0070)
494
0.75

tables on previous pages. However, the percent of students eligible for
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federally subsidized meals (pctenroll) represents the only input variable.
Based on these simple regressions for each year and all four m easures
of student achievement, socioeconomic status explains any w here from 58%
to 78% of the variation found in student achievement. These R2results are
comparable to the results of other research. A recent EPF study of N ew York
schools reported an R2of .81 (Schwartz & Zabel, 2005) while another for
M innesota schools reported R2results ranging from .49 to .72 (Phelps &
Addonizio, 2006). It is im portant to note that the multicollinearity am ong the
explanatory variables m ay tend to bias the estimates. However, the following
tables examining the correlation am ong the variables, the Variable Inflation
Factor (VIF), and tolerance (1/VIF) do not reveal relationships that w ould
result in altering the analysis and policy conclusions reached in this study.
The estimates for socioeconomic status represent an upper bound, and the
estimates for the school related inputs represent a lower bound, given the
level of m ulticollinearity (Phelps & A ddonizio, 2006). The school input
variables w ould be assigned increased explanatory pow er in the absence of a
socioeconomic variable. The intent of the current analysis is not to sort out
this relationship, bu t to analyze residuals.
The pupil teacher ratio (avg_p_tchr), based on its standardized
coefficient, has a smaller im pact com pared to socioeconomic status. Its effect
ranges from .07 to .28 standard deviations in the variation for the proportion
of students m eeting state standards on the MEAP test. The negative sign
m eans that the higher the num ber of pupils per teacher the lower the
percentage of students m eeting academic standards. However, the size of this
effect m ay support recent research conclusions that resource investm ents in
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teacher quality, instead of mere quantity, produce m ore effective and efficient
returns (lion & Norm ore, 2006).
Table 16 Correlation of the Independent Variables
pctenroll
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_ntr

avg_t_sal avg_p_tch] avg_isal avg_totexp_ntr

1.0000
-0.1748
0.2527
0.3529
0.4540

1.0000
0.4408
0.5025
0.4560

1.0000
-0.0054
0.1405

1.0000
0.8912

1.0000

Table 17 Variable Inflation Factor and Tolerance
Variable
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_nt
r
avg_fte
M ean VIF

VIF

Tolerance

1.78
3.39
2.73
4.39
3.12

0.5609
0.2947
0.3658
0.2277
0.3207

1.11
2.76

0.9006

The effect of instructional salaries is similar. The direction of the effect
from the am ount of instructional salaries per student (avg_isal) is positive.
This means im provem ents in the percent of students achieving state
standards are associated w ith devoting m ore resources to instructional
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salaries. However, caution regarding interpretation is w arranted.
M easurem ent error m ay be depressing the effect of this variable. The
inclusion of instructional salaries per student and average teacher salary were
compromise replacements for preferred, bu t unavailable, m ore direct
m easures of teacher age, experience, and preparation. The included variables
m ay also m easure m arket pressures from other industries competing for the
same people districts try to hire. These variables could also m easure the need
to pay m ore in higher risk and m ore dem anding areas complicating the
intended role of these variables to proxy for a typical salary schedule based
on seniority and degree accomplishment.
The effect of total expenditures per student before transportation
(avg_totexp_ntr) resembles the other school input variables previously
discussed. However, its direction is consistently negative. This indicates the
m ore spent per student the smaller the percent of students achieving to state
standards on the MEAP test. The direction is som ewhat unexpected. A
possible explanation m ay lie in the increased non-instructional expenditures
required in high need, high risk, and low achieving areas.
Analysis of residuals
Some variation in the student achievement m easures from the
regressions in the previous section rem ains unexplained. These residuals
contain the fixed but unobserved effect of the district plus random error
(Phelps & Addonizio, 2006). The average residual for each district w as used
to investigate systematic achievement above or below that predicted by the
explanatory variables in each year. The result is assum ed to m easure the
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extent to which the district benefits from "x-efficiency", contribution to
student achievement not captured by the variables specified in the model.
The first line of Table #18 (avg_residual) contains descriptive statistics for this
overall average of the previous four annual regressions, tw o subjects (math
and reading) each m easured in tw o grades for each of the four years. This
estimate of district fixed effect w as used as an explanatory variable in second
stage regressions. The rem aining lines analyze the statistics by subject, grade,
and year.
This simple averaging m ethod for estim ating district fixed effects
following Phelps & Addonizio (2006) w as used after several attem pts at fixed
effects regression m odels failed to untangle the high correlation betw een the
explanatory variables and fixed portion of the residual. The correlation also
proscribed the use of random effects or generalized least squares
m ethodology.
The tw o content area residual m easures (avg_read_resid and
avg_math_resid) reveal that the average district fixed effect, while positive
for both subjects; is greater for reading than math. The range of district
contribution to student achievement is similar for both subjects tested. The
unobserved district fixed effect appears larger in the upper grades (resid_gr7,
resid_gr8) than in fourth grade (resid_gr4). Care m ust be taken in interpreting
the residual factor for the seventh versus the eighth grade. Since only the
reading test was used for seventh grade and only m ath for eighth grade, there
is no w ay to separate the effect of the grade from the content area tested.
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Table 18 Descriptive Statistics for Residuals
Variable Observations
avg_resid
avg_read_resid
avg_math_resi
d
resid_gr4
resid_gr7
resid_gr8
avg_02_resid
avg_03_resid
avg_04_resid
avg_05_resid

M ean

Std. Dev.

M in

Max

1976 0.0029287 0.1054403 -0.4024026 0.4605587
1976 0.0042706 0.1204313 -0.4438511 0.4802939
1976 0.0015868 0.1089989 -0.4197962 0.4408236
1976
1976
1976
1976
1976
1976
1976

0.0018497
0.0049756
0.0030398
0.1035800
0.0409113
-0.0458137
-0.0869628

0.115313
0.1309857
0.1313602
0.1091037
0.1084817
0.1047684
0.1031388

-0.4653131
-0.4482957
-0.4351329
-0.3010282
-0.3678323
-0.4467842
-0.4939658

0.4743759
0.5003554
0.5137740
0.6422362
0.6044211
0.3517839
0.2437937

However, the notion that student and teacher characteristics plus
school resources m ore closely predict student achievement in earlier grades
follows intuition. The idea that organizational culture, mission, incentives,
and style produce a bigger impact on students growing in independence is
also unsurprising.
The last four lines of Table #18 contain the residuals by year
(avg_02_resid, avg_03_resid, avg_04_resid, avg_05_resid). The trend
em erging from this perspective is decidedly negative. The m ean has dropped
in every year included in the study and has been negative for the m ost recent
two years. In addition, the range of the annual residuals has m oved from
right to left on the num ber line. It is possible that this reflects the likelihood
that unobserved effects of school districts predict lower rather than higher
achievement than w ould be estim ated by m easuring student, teacher, and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

school inputs. However, it m ay also be a due to estim ation bias and
m easurem ent error.
Post estim ation annual test results including fixed effects estimates
The sixteen regression results noted below come from estim ating the
sam e m odel as estim ated in the section for prelim inary annual tests, w ith one
exception. The m odels estim ated here include the variable determ ined in the
previous section to represent the fixed effect of each district (avg_resid). This
variable comes from the analysis of residuals for each district in the previous
section. It represents a relative m easure of each district's contribution to the
percent of students meeting or exceeding state standards after controlling for
the other predictors. The residual was averaged for each district using the
results of the prelim inary regressions for m ath and reading MEAP tests in
fourth, seventh, and eighth grades. Once again the results are analytically
w eighted by the inverse of variance for each district's student population.
Each of the four tables of regression results presented below represents one of
the four m easures of student achievement regressed over the independent
variables for all four years included in the study.
The fixed effect variable (avg_resid) is statistically significant w ith a positive
coefficient for all sixteen regressions. The m easure for socioeconomic status
(pctenroll), consistent w ith all the previous regressions, rem ained statistically
significant w ith a negative coefficient across all sixteen m odel iterations. Its
explanatory m agnitude based on the beta coefficients decreased in the first
tw o years analyzed but increased for the last tw o years com pared to the
prelim inary annual regressions previously reported. A one percent increase
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in students eligible for free or reduced meals explains anyw here from onethird to three quarters of a percent decrease in the percent of students
achieving state standards on the MEAP depending on the year and subject
matter.
All the district resource variables except teacher salaries (avg_t_sal) are
statistically significant for all the regression models. The variable for teacher's
salaries rem ained statistically insignificant for all regression equations. The
pupil teacher ratio (avg_p_tchr) w as negative across all sixteen regressions.
Its beta coefficient, w ith only one exception, represented the smallest impact
of the school resources m easured. This continues to raise doubts about the
w isdom of investing in quantity over quality of teachers and the most
efficient use of district resources. The results for the share of the budget spent
on instructional salaries supplem ent this analysis. Instructional salaries per
student (avg_isal) rem ained positive for all sixteen m odels estim ated and
w ith a relatively larger beta than the pupil teacher ratio.
The total expenditures prior to transportation expense
(avg_totexp_ntr) w ere as effective for explaining variation in student
achievement as the other school variables w ith beta coefficients ranging from
.15 to .35 standard deviations of the dependent variable. The negative sign on
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Table 19 G rade 4 M ath Post Estimation WLS Regression Results

Math Grade 4
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

avg_resid

Constant

Observations
R-squared

(2)
(3)
(1)
SY2002
SY2004
SY2003
math_gr4_sat math_gr4_sat math_gr4_sat
-0.465***
-0.473***
-0.495***
[-0.61]
[-0.63]
[-0.70]
(0.016)
(0.017)
(0.015)
-0.000000217
0.000000662
-0.000000596
[-0.010]
[0.033]
[-0.032]
(0.00000063)
(0.00000059)
(0.00000060)
-0.00331**
-0.00490***
-0.00720***
[-0.054]
[-0.088]
[-0.16]
(0.0014)
(0.0014)
(0.0013)
0.0000564***
0.0000366***
0.0000473***
[0.20]
[0.13]
[0.19]
(0.000011)
(0.0000095)
(0.0000095)
-0.0000177***
-0.0000232***
-0.0000216***
[-0.15]
[-0.13]
[-0.20]
(0.0000044)
(0.0000040)
(0.0000036)
1.036***
1.086***
1.125***
[0.60]
[0.63]
[0.69]
(0.034)
(0.034)
(0.037)
0.907***
0.891***
1.010***
[6.92]
[8.22]
[6.81]
(0.034)
(0.029)
(0.031)
494
494
494
0.90
0.90
0.89
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
SY2005
math_gr4_sat
-0.502***
[-0.75]
(0.017)
0.000000939
[0.053]
(0.00000058)
-0.00982***
[-0.22]
(0.0015)
0.0000425***
[0.19]
(0.000010)
-0.0000277***
[-0.26]
(0.0000039)
1.303***
[0.83]
(0.042)
0.983***
[8.30]
(0.036)
494
0.87
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Table 20 Grade 4 Reading Post Estimation WLS Regression Results

Reading Grade 4
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

avg_resid

Constant

Observations
R-squared

(2)
(3)
(1)
SY2002
SY2004
SY2003
read_gr4_sat
read_gr4_sat
read_gr4_sat
-0.486***
-0.372***
-0.389***
[-0.68]
[-0.63]
[-0.70]
(0.013)
(0.014)
(0.015)
-0.000000261
-0.000000919*
-0.000000655
[-0.013]
[-0.058]
[-0.045]
(0.00000051)
(0.00000054)
(0.00000052)
-0.00593***
-0.00474***
-0.00527***
[-0.10]
[-0.11]
[-0.15]
(0.0012)
(0.0011)
(0.0012)
0.0000475***
0.0000696***
0.0000419***
[0.18]
[0.33]
[0.22]
(0.0000086)
(0.0000087)
(0.0000082)
-0.0000302***
-0.0000282***
-0.0000376***
[-0.22]
[-0.35]
[-0.31]
(0.0000035)
(0.0000037)
(0.0000031)
0.978***
0.905***
0.799***
[0.60]
[0.67]
[0.63]
(0.028)
(0.032)
(0.032)
0.991***
1.030***
1.084***
[8.00]
[10.0]
[11.3]
(0.027)
(0.027)
(0.027)
494
494
494
0.94
0.89
0.87
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** pcO.05, * p<0.1

(4)
SY2005
read_gr4_sat
-0.378***
[-0.75]
(0.012)
-0.000000638
[-0.049]
(0.00000041)
-0.00395***
[-0.12]
(0.0010)
0.0000421***
[0.25]
(0.0000071)
-0.0000239***
[-0.30]
(0.0000028)
0.727***
[0.62]
(0.030)
1.018***
[11.5]
(0.025)
494
0.87
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Table 21 Grade 7 Reading Post Estimation WLS Regression Results

Reading Grade 7
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

avg_resid

Constant

Observations
R-squared

(2)
(3)
(1)
SY2002
SY2003
SY2004
read_gr7_sat
read_gr7_sat
read_gr7_sat
-0.605***
-0.594***
-0.533***
[-0.82]
[-0.73]
[-0.79]
(0.016)
(0.015)
(0.020)
-0.000000741
-0.000000516
-0.000000445
[-0.022]
[-0.027]
[-0.036]
(0.00000059)
(0.00000067)
(0.00000063)
-0.0104***
-0.00482***
-0.00795***
[-0.13]
[-0.19]
[-0.10]
(0.0014)
(0.0013)
(0.0016)
0.0000582***
0.0000486***
0.0000713***
[0.21]
[0.18]
[0.28]
(0.0000095)
(0.000011)
(0.000011)
-0.0000312***
-0.0000391***
-0.0000356***
[-0.28]
[-0.25]
[-0.26]
(0.0000044)
(0.0000040)
(0.0000040)
0.984***
0.889***
0.946***
[0.57]
[0.51]
[0.59]
(0.041)
(0.034)
(0.035)
0.820***
1.037***
1.115***
[8.22]
[8.41]
[6.50]
(0.034)
(0.029)
(0.035)
494
494
494
0.92
0.93
0.89
Normalized beta coefficients in brackets
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(4)
SY2005
read_gr7_sat
-0.568***
[-0.91]
(0.015)
-0.000000446
[-0.027]
(0.00000052)
-0.00774***
[-0.19]
(0.0013)
0.0000512***
[0.24]
(0.0000090)
-0.0000313***
[-0.32]
(0.0000035)
0.887***
[0.61]
(0.038)
1.063***
[9.70]
(0.032)
494
0.91
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Table 22 G rade 8 M ath Post Estimation WLS Regression Results

Math Grade 8
pctenroll

avg_t_sal

avg_p_tchr

avg_isal

avg_totexp_ntr

avg_resid

Constant

Observations
R-squared

(1)
SY2002
math_gr8_sat
-0.634***
[-0.75]
(0.017)
-0.000000121
[-0.0052]
(0.00000068)
-0.0123***
[-0.18]
(0.0015)
0.0000647***
[0.21]
(0.000012)
-0.0000392***
[-0.24]
(0.0000047)
1.039***
[0.54]
(0.037)
1.112***
[7.67]
(0.037)
494
0.93

(2)
SY2003
math_gr8_sat
-0.668***
[-0.76]
(0.020)
-0.000000638
[-0.027]
(0.00000075)
-0.00937***
[-0.14]
(0.0017)
0.0000528***
[0.17]
(0.000012)
-0.0000323***
[-0.20]
(0.0000051)
1.119***
[0.55]
(0.044)
1.010***
[6.60]
(0.037)
494
0.91

(3)
SY2004
math_gr8_sat
-0.641***
[-0.78]
(0.021)
0.000000426
[0.020]
(0.00000073)
-0.0121***
[-0.23]
(0.0017)
0.0000569***
[0.20]
(0.000012)
-0.0000441***
[-0.33]
(0.0000044)
1.092***
[0.58]
(0.045)
1.132***
[7.96]
(0.038)
494
0.91

(4)
SY2005
math_gr8_sat
-0.672***
[-0.87]
(0.017)
-0.00000119*
[-0.059]
(0.00000061)
-0.00793***
[-0.16]
(0.0015)
0.0000814***
[0.31]
(0.000011)
-0.0000438***
[-0.36]
(0.0000041)
1.082***
[0.60]
(0.044)
0.982***
[7.23]
(0.037)
494
0.91

this estimate, like the prelim inary regressions, m ay be explained by the
higher expenditures necessary in schools in urban areas and the high
correlation w ith instructional salaries revealed in Table #16.
A primary focus for this study comes from discovering if school
district efficiency explains some of the variation observed in student
achievement.
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Table 23 Increased Explanatory Power From District Fixed Effects
SY2002

SY2003

SY2004

SY2005 Average

math_gr4_sat

0.71

0.70

0.67

0.61

0.67

read_gr4_sat

0.78

0.70

0.71

0.72

0.73

read_gr7_sat

0.80

0.84

0.75

0.80

0.80

math_gr8_sat

0.82

0.78

0.79

0.80

0.80

math_gr4_sat

0.90

0.90

0.89

0.87

0.89

read_gr4_sat

0.94

0.89

0.87

0.87

0.89

read_gr7_sat

0.92

0.93

0.89

0.91

0.91

math_gr8_sat

0.93

0.91

0.91

0.91

0.92

math_gr4_sat

0.19

0.20

0.22

0.26

0.22

read_gr4_sat

0.16

0.19

0.16

0.15

0.17

read_gr7_sat

0.12

0.09

0.14

0.11

0.12

math_gr8_sat

0.11

0.13

0.12

0.11

0.12

Average R-squared
difference

0.15

0.15

0.16

0.16

0.15

R-squared difference
Prelim inary tests

Post estimation tests

R-squared difference

The difference in the explanatory pow er of the specified m odel after
developing a proxy for district efficiency is analyzed in the table below by
examining the differences in the R2results for the regressions w ithout a
m easure for district fixed effects and the regressions that include these
measures. This technique follows the analysis of Phelps and Addonizio
(2006).
Table 23 show s that after the inclusion of a proxy for district effect the
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explanatory pow er of the estim ated m odel increases by fifteen percentage
points. The difference in explanatory pow er rem ained consistent across all
four years in this study. This finding is an im portant consideration for any
m easure of school perform ance or accountability policy. In the absence of a
direct m easure for district effect, school accountability guidelines m ay
actually only m easure student characteristics and the distribution of property
w ealth given the pow er of these variables to explain student achievement
(Phelps & Addonizio, 2006). The knowledge of w hat portion of the variation
of student achievement is associated w ith unobserved district effects
combined w ith the estimates that indicate both the direction and m agnitude
(Tables 19-22) of that effect, offers a good theoretical foundation upon which
to build a school district accountability policy.
In addition, this same procedure supplies an objective m easure for use
in assuring the public and political decision makers that funding school
districts based on adequacy does not simply rew ard inefficiency. The
objective m easurem ent of district effects, dem onstrated above, provides the
means for adjusting legitimate, educationally based, funding differences
among districts for the excess costs they encounter due to their own
inefficiency.
It is also apparent, from Table 23, that district efficiency explains a
larger share of the variance in student achievement for the fourth grade than
for either the seventh or eighth grades. The fourth grade change is larger for
m ath than for reading. The differences, betw een m ath and reading, narrow in
the higher grades. The unobserved effects of school culture, communication,
goal orientation and focus seem to be associated w ith early student
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achievement more than in later grades.
One implication of the disparity of the association of district effect w ith
student achievement depending on grade level comes from separately
m easuring school accountability or adjusting differential funding by grade.
This type of adjustm ent w ould be m ore achievable if the data were available
to replicate this study for individual school buildings instead of entire
districts. At present school level data in M ichigan is neither required nor
widely available.
Table 24, below, organizes descriptive statistics for the dataset into
quartiles based on the estim ated yearly m easure for district effect (avg_resid)
averaged across all four years used in this study (davg_resid). The first
quartile represents the m ost inefficient districts and the fourth quartile
contains the m ost efficient. Each quartile includes a wide range of observed
values for each district independent variable. However, a comparison of the
m ean variable values for each quartile reveals interesting information.
Unexpectedly, the percent of students eligible for free and reduced price
lunches rises, on average, for districts in each quartile. In fact the fourth
quartile has the largest m ean value for this socioeconomic variable. This
confirms intuition that efficient districts are found in all strata of
socioeconomic status.
The m ean value for average teacher salary (avg_t_sal) goes from low to
high as districts are categorized as m ore efficient for the first tw o quartiles
but reverses direction in the third and fourth. The m ean value for the pupil
teacher ratio (avg_p_tchr), is lowest (highest cost) in both the first and fourth
quartile. The m ean instructional salary per pupil (avg_isal) shows little
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change over all quartiles. Per pupil total expenditures net of transportation
(avg_totexp_ntr) is highest in the upper tw o quartiles. The m ean district size
based on student population (avg_fte) is lowest in the top quartile w ith the
lowest quartile not very different in size. The high proportion of students
living in poverty and smaller districts, in the most efficient quartile, combined
w ith the inconsistency of the financial variables across quartiles, supports a
contention that som ething other than resource efficiency m ay be occurring.
The notion m entioned in Chapters 1 and 3 regarding "x-efficiency" could
provide the explanation. The culture, atm osphere, goal orientation, espirit de
corps, and leadership offered by the district affect m arginal production of
student achievement beyond the scope of resource provision. Additional
research, particularly qualitative investigation, is required to determ ine the
nature of this phenom enon in both efficient and inefficient districts.
A dditional policy implications and recom m endations for additional research
are included in the following section.
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Table 24 Descriptive Statistics by District Effect Quartile (davg_resid)
Variable
Districts
First Q uartile
davg_resid
496
pctenroll
496
avg_t_sal
496
avg-P -tchr
496
avg_isal
496
avg_totexp_ntr
496
avg_fte
496
Second Q uartile
492
davg_resid
492
pctenroll
avg_t_sal
492
avg_P_tchr
492
avg_isal
492
avg_totexp_ntr
492
avg_fte
492
davg_resid
pctenroll
avg_t_sal
avg_P_tchr
avg_isal
avg_totexp_ntr
avg_fte
Fourth Q uartile
davg_resid
pctenroll
avg_t_sal
avg_p_tchr
avg_isal
avg_totexp_ntr
avg_fte

M ean

Std. Dev.

Min

Max

-0.078076
0.290766
49103.62
20.01815
4480.238
7403.817
2466.934

0.036571
0.161011
6298.694
2.782643
529.302
1019.86
3456.459

-0.216049
0.05
24547
9
3038
5423
157

-0.036481
0.9
69063
33
7010
11967
29550.21

-0.014711
0.306362
51223.04
21.02236
4458.165
7472.917
4943.963

0.009838
0.155945
6525.599
2.381511
492.0147
1015.958
14265.4

-0.035947
0.05
31359
12
3212
5416
291

0.002012
0.77
83479
29
6938
12593
163702

496
496
496
496
496
496
496

0.023073
0.327177
50573.23
20.66532
4528.371
7606.857
3297.65

0.01305
0.182976
6818.829
2.484068
520.4045
1046.162
3291.458

0.00228
0.02
29080
13
2827
5487
265

0.046411
0.88
75092
32
6767
13169
18319

492
492
492
492
492
492
492

0.081923
0.397785
48827.8
20.1687
4524.953
7601.64
2330.936

0.032346
0.17721
6367.347
2.628761
498.5495
1126.472
2461.546

0.047068
0.02
31313
12
2992
5876
219

0.201691
0.9
74800
29
6967
15628
14568.2
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CHAPTER 6
CONCLUSIONS, IMPLICATIONS FOR POLICY, AND FURTHER STUDY
Sum m ary and conclusions
The prim ary purpose of this study w as to discover test a m ethod for
m easuring Michigan school district efficiency. The rationale for developing
the m easure comes from its use to m odify a future statewide school funding
m odel based on adequacy, replacing the current resource equity finance
system. Besides production efficiency, the desired indicator also gauges "xefficiency". This concept evaluates organizational and qualitative attributes of
districts not readily observed quantitatively. A review of the research
questions and hypotheses posed for this study follow including discussion of
results.
The research questions asked in Chapter 1 were answ ered w ith
varying degrees of clarity. The last question represents the heart of this study.
These questions are restated below:
1. W hat inputs produce student achievement in Michigan?
2. W hat proportion of the variation in Michigan student
achievement can be explained by socioeconomic status?
3. W hat influence do the variables identified in previous
educational production function studies have on
M ichigan student achievement?
4. H ow can M ichigan school efficiency be measured?
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5. W hat proportion of the variation in Michigan student
achievement is explained by school efficiency?
W ithin the limits allowed by the data available, question one regarding
the production inputs for Michigan student achievement was answered.
Student, family, and peer socioeconomic status, teacher characteristics and
unique school district qualitative factors explain close to ninety percent of
variation in student achievement. Based on the R2 results w ith only one
explanatory variable, socioeconomic status alone appears to explain from 58%
to 78% of the variation, in answer to question num ber two. However, these
results from the simple regressions represent upper bounds of the effects of
socioeconomic status and m oderate som ewhat due to correlation w ith the
other variables in the m ultivariate regressions. It rem ains clear, however, that
socioeconomic status provides a great deal of explanation regarding the
variation observed in student achievement.
Q uestion three asks for a comparison to other EPF studies. Like those
studies, the effect, in Michigan, of the school variables is relatively small. The
study answers question num ber four, in the affirmative, by developing, then
testing, a m eans for efficiency m easurem ent of Michigan schools. The m ethod
comes from deriving the district fixed effect from the residual error following
regression. The results in Chapter 5 reveal that this school district efficiency
m easure explains fifteen percent of the variation in M ichigan student
achievement, thus providing the answ er to the central question num ber five.
The results of testing the hypotheses first enum erated in Chapter 1,
and related, in tabular form, to the research design at the end of chapter 4
appear on the following page:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

102

Table 25 Results of H ypothesis Testing

Hypothesis

Variables

Results of statistical tests

(H„) Efficiency unrelated
to student achievement

Avg-resid - fixed effects component

Rejected based on
statistical significance of ptests for parameter
estimates of district
efficiency

(H,) Socioeconomic
status not significantly
related to student
achievement

pctenroll - proportion of student

(H2) Socioeconomic
status of relatively small
magnitude

pctenroll - proportion of student

(H3) School
characteristics not
significantly related to
student achievement

A vg_t_sal - average teacher salary,
avg_p_tchr - pupil to teacher ratio,
avg_isal - instructional salaries per
pupil, avg_totexp_ntr - expenditures

of residual error

population eligible for federal
nutrition subsidy

population eligible for federal
nutrition subsidy

Rejected based on
statistical significance of ptests for parameter
estimates of socioeconomic
status

Rejected based on size of
coefficient estimated for
this variable

Mixed results

per pupil net of transportation

(H4) School
characteristics of
relatively small
magnitude

Avg_t_sal - average teacher salary,
avg_p_tchr - pupil to teacher ratio,
a v g js a l - instructional salaries per
pupil, avg_totexp_ntr - expenditures

Failed to reject based on
relatively small size of
coefficients for these
variables

per pupil net of transportation
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The principal hypothesis for this study (H,) was rejected. This null
hypothesis stated that district efficiency w as unrelated to student
achievement. The results presented in the prior chapter establish that district
attributes (avg-resid) explain some of the variation observed in the percent of
students achieving state standards as m easured by the MEAP reading and
m ath tests. The corollary hypotheses regarding socioeconomic status were
also rejected. The statem ent that socioeconomic status was unrelated to
student achievement (H^ was rejected using traditional statistical tests of the
hypothesis, i.e., the relationship proved to be statistically significant. The
second socioeconomic hypothesis (H2) was rejected by comparison of the
relatively large beta coefficient versus the other variables in the model.
The first hypothesis concerning school district variables (H,)
experienced m ixed results depending on the measure. The pupil teacher ratio
(avg_p_tchr), instructional salaries per student (avg_isal), and expenditures
before transportation (avg_tot_exp_ntr) all proved statistically significant
across all sixteen regressions. Teacher salaries (avg_t_sal) did not prove
statistically significant in any equation.
The fact that the hypothesis regarding the m agnitude of the param eter
estimate for the school inputs versus socioeconomic status (H4) could not be
rejected counsels for caution prior to m aking policy adjustments. This failure
to reject w as based on comparison, not traditional statistical hypothesis
testing. Besides the discussion of results associated w ith the school inputs
found in Chapter 4, additional dialogue appears below under both limitations
and policy recommendations.
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Limitations and delimitations
The defining delim itation forming the bounds of this research comes
from the objective to develop and test a m ethod for determ ining school
efficiency. The imperfections of m odel specification and data availability,
diminish, but do not overcome the m erit of discovering this m easurem ent
tool. The focus for this study comes from the residual, not the param eter
estimates disclosed for the specified variables. The legitimacy of the m odel
certainly m atters for the credibility of the conclusions. Serious limitations
w ere encountered from the lack of data availability. The preferred unit of
analysis w ould be individual students. However, this study moves beyond
that level, past classrooms, and schools to the district level. This leaves
unaccounted for, m uch of the variance in student achievement.
In addition to the level of analysis, the lack of robust m easures for
teacher characteristics, age, experience, and academic preparation limit the
analysis. These limitations, while serious, do not eliminate the value in
dem onstrating the possibility of, and m eans for, m easuring school efficiency.
W arehousing quality data, in fact, develops into an im portant policy
recom m endation arising from this research.
Several factors limit the generalizability of this study. It includes only
M ichigan students and only tw o of several academic subject areas. The MEAP
focus on meeting state standards, as previously discussed, coincides w ith the
definition of adequacy. However, m ath and reading tests exclude several
cognitively im portant areas. This is in addition to the omission of artistic
expression, affective, and abstract thinking. A related lim itation comes from
the assum ption that other education outcomes like graduation rates, post-
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secondary school success, labor m arket success, and citizenship relate to
student achievement by co-production.
Failure to test the included subjects in contiguous years produces
additional lim itation by restraining the use of value added models w ithout
plentiful disturbance from environm ental factors. It also prevents m eaningful
school level analysis since by the second time a student receives a m ath or
reading assessment they have m oved from elementary to m iddle school. Lack
of contiguous year testing limits the ability to partially control for innate
ability and cum ulative education effects. The required m ath and language
arts testing for grades three through eight starting in the (2005-2006)
academic year will hopefully m inimize this problem.
Policy implications
School district efficiency and adequate funding
The foremost consequence of understanding and m easuring the effect
of Michigan school district efficiency on student achievement comes from its
use to modify M ichigan school funding. The current funding mechanism,
though flawed and m issing the m ark, springs from the idea of equal
treatm ent. It attem pts to accomplish input resource equity by correcting for
unequal distribution of property wealth. Recent policy developm ents in
education finance across the country, as discussed in Chapter 3, have started
to emphasize equitable outcomes instead of inputs. This developm ent, know n
as adequacy, does not replace the ideals of equity. It does, however, change
w hat is in fact m easured.
Adequacy contains the idea of equal distribution of student
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achievement, not necessarily financial resources. The most frequent indicator
for student achievement comes from meeting or exceeding academic
standards determ ined by each state. M easurem ent is accomplished w ith
standardized tests. Funding the equal distribution of the opportunity to
accomplish state standards requires unequal distribution of resources. This
requirem ent m ay come from m arket forces, high crime rates, or
socioeconomic factors, which increase costs in some areas over others.
Redistribution of scarce resources always faces political difficulty and
public resistance from those who w ould bear the burden of providing the
benefit to others. A dm ittedly, this renders a change to an adequacy based
Michigan school finance form ula politically improbable. However, some
future political circumstance, similar to the historical pressure for property
tax reform, could m aterialize and grant unanticipated prom inence to this
presently dorm ant policy perspective. Some states have only addressed
adequacy of school finance due to actual or threatened litigation, usually
arising out of fresh interpretations of their constitutional educational clause.
One genuine objection to adequacy comes from trepidation for rew arding
districts experiencing higher costs precipitated at least partially by factors
w ithin their control. The reported results from this research lay the
groundw ork for m inim izing this risk. Identifying the variation in student
achievement explained by district effects could help limit funding differences
to only the higher costs unrelated to district efficiency.
The inform ation in Table #24 could be useful for dem onstrating to
politicians that an adequacy formula adjusted for efficiency does not
necessarily m ean only redistribution from suburban to urban districts. Some
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low achieving, low socioeconomic status districts are efficient. Unexpected
coalitions could form am ong efficient districts of all types. The objective
nature of the m easurem ent applied in this study can also serve to
deem phasize racial and class differences and instead focus on efficiency.
Data quality
A second policy implication arising from this research comes from its
dem onstration of the need for better data. The section above describing
limitations points out the sacrifices m ade regarding the unit of analysis and
teacher characteristics precipitated by insufficient data. While this comment
hardly seems unexpected from a quantitative researcher, it also represents a
common problem for educators across the country, including in Michigan.
The need for the retention, ready access, and analysis of student data rem ains
acute in m ost states. Most states do provide paper reports lagged by several
m onths to teachers and adm inistrators regarding student test results. Only
five states provide advanced information systems for students and teachers
plus offer the m eans to link the tw o systems (Hoff, 2006).
Accountability and perform ance based reform advocates, the NCLB
Act, and the general trend in prim ary and secondary education for research
based decisionmaking, have increased the dem and for quality data. In 2005
several policy organizations partnered to form the Data Quality Campaign.
Funding originally came from the Bill and M elinda Gates Foundation.
Am ong the ten partner groups are the National Governors Association
(NGA), the Education Commission of the States (ECS), and the Council of
Chief State School Officers (CCSSO). Neither of the national teacher unions,
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the National Education Association (NEA) or the American Federation of
Teachers (AFT) appears among the ten m anaging partners nor the list of
endorsing partners. Their absence is conspicuous due to their political clout
and public influence.
This group prom ulgates ten standards for state education data
warehousing (Data quality campaign, 2006) which include:
1. A unique statewide student identifier
2. Student-level enrollment, dem ographic and program
participation information
3. The ability to match individual students' test records
from year to year to m easure academic grow th
4. Inform ation on untested students
5. A teacher identifier system w ith the ability to match
teachers to students
6. Student-level transcript information, including
inform ation on courses completed and grades earned
7. Student-level college readiness test scores
8. Student-level graduation and dropout data
9. The ability to m atch student records betw een the PreK 12 and higher education systems
10. A state data audit system assessing data quality, validity
and reliability
The Data Quality Cam paign proposes these standards in a context
containing additional legal, educational, and information system
fundamentals. Privacy protections are critical to system reliability and
acceptance and required by the Family Education Rights and Privacy Act
(FERPA). Decisions regarding w hat data elements to include, data dictionary

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

109
definitions, interoperability across vendors and states, represent some of the
areas for organizational cooperation. Education infrastructure, curriculum ,
staff, instruction, and both district and individual school finances characterize
m inim um inform ation needs. The system m ust provide controlled differential
access to educators, policymakers, and researchers. Access should include
digital queries as well as standard output and reports for various levels from
individual students up to, and including, the entire state.
M ichigan w as am ong the initial fourteen states to receive grants from
the Institute of Education Sciences (IES) of the U.S. Education D epartm ent
(ED), in the fall of 2005, specifically designed for the developm ent of
statewide longitudinal data systems for education (Trotter, 2006). Students
stand to reap the benefits from quality and tim ely information available to
their teachers, adm inistrators, and education researchers.
Michigan should not allow charter schools to avoid reporting crucial
data through their use of m anagem ent companies. An argum ent based on
form that a charter school has no salaries to report cannot be sustained in
substance. In essence, the m anagem ent company pays the salaries as agent for
the charter school board of control. A lthough part of the logic behind charters
comes from freedom from bureaucracy, this should not be allowed to
interfere w ith the obligation to dem and perform ance for the investm ent of tax
dollars. This quirk needs to be addressed adm inistratively or by legislation.
Neither should M ichigan allow bargaining groups or any other special
interest to politically prevent the m atching of student and teacher
perform ance information.
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Pupil teacher ratio and class size
Policy conclusions regarding class size are less clear but deserve
discussion. This study used a pupil teacher ratio rather than class size due to
the now recurring them e regarding less than ideal data availability. Class
sizes w ould tend to be larger than the ratio m easured here based on some
teacher time allocated to planning periods and away from the classroom.
Specialist teachers w ithout assigned classrooms produce the same effect. Both
initial regression and the m odels controlling for district effects displayed
negative coefficients and thus reveal an inverse relationship w ith student
achievement. The beta m easures show ed this factor as relatively small for
explaining variation in student academic performance.
Previous research has dem onstrated that class size reduction has
positive effects for student achievement (Ferguson, 1991; Hedges, et al., 1994;
Nye, Hedges & Konstantopoulos, 1999; Peevely, Hedges & Nye, 2005). Some
studies reveal dim inishing effects for smaller classes (Ferguson, 1991).
Sometimes they report the positive impact of teacher quality, in addition to
the class size m easure of teacher quantity (Peevely, et al., 2005). Evidence
supporting m ore cost effective m eans of producing positive effects on student
achievement m ay explain the current results controlling for district efficiency
(Don & N orm ore, 2006). Perhaps im provem ents in teacher quality can be
achieved w ith aggressive financial incentives to recruit the m ost qualified and
talented people. Organizing learning w ith higher paid instructional m anagers
supervising larger groups of students assisted by less expensive support staff
and technology m ay leverage teacher resources.
Further quantitative research aided by robust m easures of teacher
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quality, student level data, the m eans to match teacher and student, and
determ ine actual class size w ould help clarify this piece of education
production. Qualitative research docum enting the various structural and
organizational components applied to mixing certified and non-certified
instructional staff could also help discover the m ost effective and efficient
means of m axim izing student achievement. Although allowances w ould be
necessary that account for grade level, subject m atter, and local variables,
developm ent of the range of effective and efficient tools could be
enlightening.
Role of advocacy groups
Public policy creation generally follows an incremental accretive
process. However, it has a variety of origins and traverses diverse paths to
legitimacy and acceptance. Increasingly, as seen in Chapters 2 and 3, school
finance policy developm ent comes from the courts. A traditional perspective
of public adm inistration adheres to the dichotom y that politicians form ulate
policy and the executive bureaucracy carries out its implementation. In this
view professionals in the bureaucracy devise the m eans to accomplish
politically determ ined policy objectives. However, astute politicians rely on
this professionalism for generating evaluations and adjustm ents to existing
policy as well as ideas for new directions and program s. These relationships
develop over tim e betw een legislators and agency staff through legislative
oversight committee assignments. The volum e of technical information
available and necessary for decisionmaking produces a m utually beneficial
reliance am ong legislators, legislative and committee staff, agency
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m anagem ent and their staff.
Both elements tu rn to advocacy groups, lobbyists, and issue based
organizations for assistance in form ulating positions, supporting the debate,
and convincing the public. The resulting three-way relationship betw een
legislature, agency, and advocacy groups is often term ed the "iron triangle"
(Peters, 1999; True, Jones & Baumgartner, 1999; Sabatier & Jenkins-Smith,
1999). While m ore notorious at the federal level, the same relationships exist
in Michigan. The best organized, m ost articulate, better netw orked groups
possess the m ost influence. Often this constitutes the groups w ith the m ost
m em bers or best funding. However, broad based alliances that take
advantage of even larger interest groups can also be influential. Business
associations, education interests, and senior citizens represent some of these
interest groups (Burbridge, 2002). They can produce votes for legislators by
funding campaigns, running issue ads, and influencing their ow n
constituents.
Education activism, in Michigan, m ust consider either engaging or
neutralizing the influence of its tw o teacher unions, the M ichigan Education
Association (MEA) and the Detroit Federation of Teachers (DFT). The well
organized and prosperous lobbying capacity of the Chamber of Commerce
m ust also be taken into account by any group or m ovem ent attem pting to
influence education policy in Michigan. The relative influence of these groups
obviously changes as the balance of pow er in the legislative and executive
branches shift.
Any transition in M ichigan to school funding based on adequacy will
likely come from an organizing effort taking advantage of the m eans just
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described for accessing the political agenda. Political inertia, scarce public
resources, and the lack of a constitutional clause requiring sufficiency, shape
this reality. The political environm ent, constitutional language, and policy
history for each state create unique conditions and consequences. Long term
advocacy through public engagem ent and civil society organizations has
precipitated reform by exploiting these nuances in a variety of states (Mathis,
2000; Burbridge, 2002; Stiefel, et al., 2005). M any of these state situations
eventually resulted in litigation. Phrases in state education clauses like N ew
York's "sound basic education" and N ew Jersey's "thorough and efficient"
have produced legal opinions supporting a notion of adequacy.
Article VUI of the Michigan Constitution requires the legislature to
"maintain and support" an education system "defined by law". In addition to
potential interpretation of this language as requiring sufficiency, the adoption
of state standards could lead to the argum ent that they comprise w hat the
Constitution m eans in the phrase, "defined by law". This position could be
advocated in the executive, legislative, and judicial branches of state
government.
The public and political reluctance to further differentiate funding by
school and circumstance stems at least partially from the desire to not rew ard
increased costs created by inefficiency. The results presented here can form
the basis for future research that establishes the means to fund cost variation
necessary to allow students to achieve state standards w ithout rew arding
districts for increased costs w ithin their control. They m ay also contribute to
engaging education advocates and the public for school finance reform.
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Recommendations for additional research
Testing students in contiguous years during grades three through
eight for m ath and English language arts will provide the opportunity to
extend and im prove the current research. This grade 3 through 8 testing
routine began in the 2005-2006 school year to comply w ith the NCLB Act. A
future study using panel data from several years could feature at least three
significant improvem ents. The first comes from the ability to use a value
added model. This makes it possible to m easure school perform ance and
efficiency using the student achievement gains accomplished in a single year.
Another enhancem ent derives from including lagged student
achievement measures as an explanatory variable. This helps account for
innate ability and student learning prior to the point of collection for the
lagged data. A third enrichment grows out of the ability to m easure a single
school. This of course assumes that the data elements necessary for school
level analysis become available. Contiguous year testing prevents the
situation encountered in the current study w here the second occurrence of a
subject area test did not take place until the student progressed to another
school, i.e. from elementary to m iddle school.
Resolution of the data quality issues, presented above, will produce
prospects for additional research returns. Student level analysis and linkage
to specific classrooms and teachers w ould provide both increased
methodological validity and overall credibility. A direct m easure of class size
w ould help sort out some of the disturbance caused by using a pupil teacher
ratio. Direct m easures of teacher characteristics like age, original date of
certification, subsequent upgrades to certification, college GPA, college
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entrance exam scores, and years of experience represent better m easures than
teacher salary.
A lthough M ichigan collects m uch of this information, it apparently
lacks a verification process and does not allow tracking of individual teachers
to specific students anonym ously or otherwise. Correcting this situation
drives the possibilities for extending the current research. Replication w ould
also be possible using a smaller sample of districts, or even schools, where
data was collected directly from the agency and not from the state.
In addition to the need for further quantitative research, only
qualitative study will provide the interpretation of w hat specific attributes
differentiate the districts w ith positive fixed effects from those that prove
negative. Some of this study m ay come from m atching previous effective
schools research and program evaluation w ith the district fixed effects results
from both efficient and inefficient schools. Searches for patterns am ong these
districts and program s could provide the explanation. Well docum ented,
thorough, and repetitive observations and interviews at sites w ith the highest
and lowest m agnitude of fixed effects m ay be necessary.
Guidance for school districts w here funding was adjusted dow nw ard
as a reflection of inefficiency provides a key ingredient to a school funding
system based on adequacy. M eaningful direction will depend on the results
of the future research, referred to above, that isolates the elements producing
both "x-efficiency" and resource efficiency. Clarity regarding these
components provides an essential element in creating a financial incentive for
improvem ent. Only cost differences outside of district control should lead to
increased funding. Inefficiencies of the district, that increase cost, should not
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be rew arded.
This study, subject to the limitations noted above, establishes the
relationship betw een district effects and student achievement. One policy
implication includes the adjustm ent of district funding by some factor
representing the district effect on student achievement, in order to avoid
rew arding inefficiency. The actual derivation of an adjustm ent factor for
application to M ichigan per pupil school funding represents the seeds for
future study. This w ork should address the limitations previously discussed,
especially regarding data quality and m ore complete m easures for student
achievement. It should also provide detailed guidance regarding the range of
choices and qualitative elements of district efficiency.
Developm ent of this adjustm ent component m ay include comparing
the product of the district effect m easure and its coefficient to the estim ated
value of the student achievement dependent variable. M ore likely, the
comparison should be m ade to the m ean of the same function for all the
observations. Clustering or grouping of districts, likely based on units of
standard deviation, could also help minimize the volatility of this
m athematical function.
Regardless of the actual formula chosen, the care, transparency, and
thoroughness of the process for its creation and im plem entation will help
determ ine utility for transitioning to an adequacy based school finance
system in Michigan. The evidence presented here regarding the relationship
between district effects and student achievement provides an introductory
bu t significant contribution to this M ichigan school finance policy arena.
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